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A B S T R A C T
Playtesting is a key component in the game development process aimed at im-
proving the quality of games through gameplay data collection and identification
of design issues. Visualization techniques are currently being employed to help
integrate quantitative and qualitative data. However, two existing challenges are
to determine the level of detail to be presented to developers based on their needs
and to effectively communicate the collected data so informed changes can be
reached. This thesis looks at investigating the effectiveness of using aggregated
visualizations with four alternate visual designs to communicate playtesting data
of multiple sources. To evaluate the visualizations in terms of their effectiveness
in assisting developers in utilizing playtesting data, I present a study involving
a semi-structured interview with professional game developers. The results pro-
vide an important contribution to the fields of Games User Research and Human-
Computer Interaction towards identifying areas of improvement in the portrayal
of gameplay data.
keywords : Data Visualization, Game User Research, Biometrics, Human Com-
puter Interaction, Video Game Development
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1
I N T R O D U C T I O N
1.1 overview
This thesis presents an investigation into enhancing playtesting reports through
data visualization. In this chapter in particular, I discuss the motivation behind
this research by examining challenges in the portrayal of gameplay data, and I
correlate that to previous work done in the Games User Research (GUR) field. This
field is essential in helping developers understand players’ emotions, behaviours,
and motivations in order to better shape the Player Experience (PX) and thus
improving the quality of games. This process relies on game evaluation techniques
which breaks down into the collection of gameplay data and the identification of
design issues. To support this process, my research focuses on assessing the use
of aggregated visualizations for portraying mixed playtesting data through a user
study with professional game developers in the industry.
1.2 motivation
GUR plays an important role in the rapidly growing video game industry that’s
been reported to be adding 3.7 billion to the Canadian gross domestic product
(GDP) annually which has received a 24% increase since 2015 on total impact
to the economy of Canada based on the Entertainment Software Association of
Canada (ESAC) annual publications of 2017 and 2018 [22, 23]. The focus of the GUR
field is on understanding and improving upon the PX where this field relies on the
interdisciplinary knowledge of the following areas: Human Computer Interaction
(HCI), game design, and experimental psychology [45].
2
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1.2 motivation 3
In order for video games to be fun and entertaining, an elevated emotional
experience needs to be evoked in players [32]. Emotion allows for the state of
immersion to be experienced by players which also contributes to heightened
attention, improved performance, and better decision making in video games [41].
With games being more of an emotional experience, most of the common methods
used for game evaluation that were derived from HCI cannot be applied the same
way since their aim was to evaluate productivity or efficiency [58]. Thus, the GUR
field is continuously trying to improve the current techniques and methodology
used in game evaluation in order to maximize relevant and significant information
being gathered and evaluated within a reasonable time [45].
This has led to the GUR field having an overreaching goal of identifying issues
and opportunities for improving games in production and to assist in the shaping
of the PX. As a result, mixed method approaches (such as triangulation of avatar
movement data, players’ interview comments, and physiological data) are being
employed in the game evaluation process. While researchers argue that utilizing
mixed-methods could lead to a more accurate understanding of the player expe-
rience [51] and more specific suggestions for improving games [25], there are still
some challenges that come with that. First, the underlying data types (a mixture
of quantitative and qualitative data), and second, the vast amount of data to be an-
alyzed and reported pose significant challenges in this domain. These challenges
are reflective of how playtesting data needs to be analyzed and converted to ac-
tionable reports to be provided to developers. To address this, visualization tech-
niques are currently being employed to help integrate quantitative and qualitative
data to assist this process. Despite that, two existing challenges are to determine
the level of detail to be presented to developers based on their needs and to ef-
fectively communicate the collected data so that informed design changes can be
reached.
For example, Mirza-Babaei et al. [51] proposed a visualization technique that
aims to combine the player’s physiological data with observational data. How-
ever, their approach is limited as it only visualizes data from a single player. Other
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similar projects (such as [19] and [52]) aimed to combine player movement data,
physiological data, and verbal comments but they are all only focused on display-
ing individual data and thus are prone to overplotting and clutter. More recently,
aggregated data visualizations have been proposed (e.g., [2, 56]), however, these
projects fall short in investigating the impact of different visual designs on their
visualizations.
While the above-mentioned projects have made progress in this domain, it is
important to keep in mind that the visual design used to convey the data affects
humans’ ability to derive insights and draw conclusions. Hence, it is critical to
study the impact of different visual design alternatives of the same visualization.
An inappropriate visual design can be misleading and thus have a huge influence
on how the visualization is interpreted by developers. Moreover, this is a complex
endeavour as the impact of different visual designs needs to be evaluated within
the context of the whole visualization.
While the role of visual design in creating effective and readable data rep-
resentations has long been recognized in the field of information visualization
(e.g., [1, 54]), it is an unaddressed area in GUR. To start closing this gap in the
literature, this thesis presents a study into this subject involving a semi-structured
interview with professional game developers. I first evaluate the use of aggregate
visualization of playtesting data through a comparison of aggregated and non-
aggregated visualizations. Secondly, I investigate the impact of different visual
designs (in particular shading and transparency) on the interpretation of aggre-
gated visualizations, specifically color-coded map overlays.
To conclude, the importance of researching and understanding User Experience
(UX) as part of the GUR field is best described in [13] as:
(1) Games of all kinds are artifacts used by an enormous amount of
people and therefore important to consider in itself because of this, and
(2) interaction patterns and techniques seen, used and developed in
games are spread into other digital artifacts and media, which intensify
the potential of its relevance. [13]
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Therefore, knowledge gained in the area of game UX will provide beneficial
guidance in terms of design to other areas outside or within the video game
industry [13].
1.3 thesis statement
To better support the move towards enhancing playtesting reports in the game development
industry, this thesis will investigate the following:
(1) an evaluation on the use of aggregate visualization for mixed gameplay data types
(e.g. Biometrics, in game metrics and interview comments) through a comparison to a non-
aggregate visualization, and (2) how changes in visual properties (in particular shading
and transparency) affect users’ perception and interpretation of the same visualization.
1.4 organization
• Chapter 2: A brief overview of the current state of research within the GUR
field and data visualization. The chapter will describe methods of data col-
lection in the GUR field (such as traditional and biometric methods), as well
as the different types of data collected from the game evaluation process.
This chapter will also explore related works featuring the use of visualiza-
tions.
• Chapter 3: A user study design consisting of two main phases with profes-
sional game developers will be discussed in this chapter including a descrip-
tion of the visualizations used for the evaluation and the analysis process of
the study.
• Chapter 4: The results of the of visualization study are outlined in this chap-
ter which are specific to the phases of the study: a comparison of aggregated
to non-aggregated visualization and an assessment of alternative visual de-
signs.
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• Chapter 5: A discussion on the results of the study are examined, along with
a conclusion to the thesis. Additionally, the limitations and contributions of
the work are presented, and future areas of research are suggested.
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
2
R E L AT E D W O R K
2.1 overview
In this chapter, I provide an overview of the Games User Research (GUR) field
and work that has been done in terms of game evaluation and working with
gameplay data. The chapter will begin by defining GUR, and the methods game
user researchers and practitioners rely on to better understand the drive behind
triangulation of mixed method data. I will then move on to describing data visual-
ization techniques and related work tied to video game industry. Finally, I discuss
how all of this ties together assists in my own studies.
2.2 game user research
GUR practitioners employ a variety of user testing methods and techniques which
can fall between the spectrum of quantitative or qualitative methods. Quantita-
tive measurements are better suited for capturing numerical data such as quan-
tities of certain occurrences in the game or a summary of results from a survey
given to multiple users. On the other hand, qualitative measurements are better
suited for capturing information based on user’s opinions or motivations when
interacting with a game. In addition, GUR methods can fall under being subjec-
tive measurements, based on interpretations made by the researcher, or objective
measurements based on measurable facts [14]. Figure 1 provides a breakdown of
various measurements falling between quantitative or qualitative measurements
and subjective or objective deductions [60]. Game User Researchers often have to
work with a combination of these methods when performing a game evaluation
process which can often pose different challenges [76]. In this section, I describe
7
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2.2 game user research 8
the common and traditional methods used for gathering insight from players and
highlight some of the challenges for each method.
 
Figure 1: Breakdown of various Game User Research methods grouped similarly by quan-
titative or qualitative or subjective and objective data based on figures from
Mandryk and Nacke work [43, 60].
2.2.1 Observation
Observation involves taking note of the player’s behaviour during the playtest
period or through a video recording after the playtest session without interrupt-
ing the player. This technique provides information on the player’s interaction in
the game such as what is happening, what did the player do or not do, or are
they frustrated. However, the technique on its own does not explain why certain
actions were performed, or how the player is thinking [59].
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2.2.2 Think-Aloud
The think-aloud protocol involves the player verbally stating their thoughts while
experiencing the game where "the researcher can draw conclusions not only based
on behavior, but also on player descriptions" [59]. For players who might not
have experience with this process, it might feel unnatural for them requiring the
researcher to step in to ask question which could result in influencing the player
experiences ultimately altering the data [59].
2.2.3 Interviews
Interviews are conducted one-on-one which involves the researcher asking ques-
tions to the player. Interviews provide a deeper insight on the player’s experience,
attitude, beliefs, and perceptions. Interviews are usually conducted post playtest
session to avoid interrupting or disrupting the PX. However, information may be
missed as the player may forget key issues after time has passed and their re-
sponses are a reflection of the finished experience where the player may be prone
to post rationalization when unable to recall the motives behind their actions
[48, 49].
2.2.4 Surveys/Questionnaires
Surveys are a flexible self-reporting method which support the collection of large
volume of reports from different players making them a common method used
in GUR. The benefit is that they are generalized, easy to setup, and responsive to
rapid statistical analysis, and they provide subjective and quantitative data on the
PX. However, they may lack the ability to provide an explanation or the depth of
results (such as in interviews) as to why participants felt they way they did [59].
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Additionally, they may not be supportive of finding complex patterns of player
behaviour [46, 48].
2.2.5 Heuristic Evaluation
Heuristic evaluation is a low cost method requiring the use of principles to ad-
dress potential issues within the game where the researcher will play the game
themselves then reflect on their experience using the criteria outlined in the heuris-
tics. Even though it requires less resources to conduct, the evaluation is based on
subjective interpretation by the researcher and certain issues may be missed by
the researcher compared to a novice player [59].
2.2.6 Focus Groups
Instead of performing a one on one interview with a researcher and the partic-
ipant, an informal discussion can be applied with a small group of participants
which can minimize the amount of time of having individual interviews. This
type of method provides researchers with the player’s opinions and feedback;
however, might cause other participants to be influenced or have a form of bias
[59].
2.3 biometrics
As mentioned previously, identifying and understanding player’s emotion is im-
portant for evaluating the quality of game experience. Emotion has been described
through a two-dimensional model of valence, a scale of negative to positive feel-
ings, and arousal, a scale of excitement to calmness[32] which can be seen in
Figure 2. Physiological measures are useful for providing us with biometric mark-
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ers of the variations in player’s emotional states where the advantage of using
them "doesn’t require cognitive effort or memory to produce" [32].
 
Figure 2: Circumplex representation of valence and arousal through a graphical model
based on figures from Valenza et al. work [79].
Physiological methods include using sensors to gather quantitative data about
the biological state of the user removing subjectivity of researchers’ interpreta-
tions during a play test session [59]. However, the use of sensors that would be
attached to a player’s skin can be intrusive as the player may feel required to
produce more pronounced movements leading to unnatural signals; thus, inter-
pretation of the data will be more difficult [59].The following subsections provide
a description of different types of physiological measures used by Game User
Researchers.
2.3.1 Electromyography (EMG)
Electromyography (EMG) requires the use of electrodes that would be attached
to the facial muscles of a participant to gather data on muscle activation. This
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information can be used to assess positive or negative reactions, fun or enjoyment,
and flow throughout the game. [59]
2.3.2 Electrodermal Activity (EDA) and Galvanic Skin Response (GSR)
The use of Electrodermal Activity (EDA) and Galvanic Skin Response (GSR) require
sensors to be attached to the skin typically on the participant’s fingers to measure
electrical conductivity by analyzing the release of sweat in the sweat glands. This
information can provide researchers on the level of arousal or excitement/frustra-
tion of a participants during their traversal of the game. [59]
2.3.3 Cardiovascular Measures
There are multiple cardiovascular measures such as measuring heart rate, blood
pressure, and interbeat interval. The increase in the values of the different mea-
surement has been linked to increased measurement of emotional arousal and
information processing [59].
2.3.4 Electroencephalography (EEG)
Electroencephalography (EEG) is the measurement of brain wave activity by using
electrodes that are placed on a user’s scalp at specific locations. Currently EEG
measurement is being studied towards establishing a method of understanding a
user’s emotional state [59].
2.4 software tools
The use of software tools have begun to be incorporated into the game evaluation
process to support the gathering of game-related data by saving on time and prov-
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ing valuable feedback to game user researchers. Some tools discussed provide a
non-intrusive way of gathering data. This includes using stealth based techniques
where the user might not be aware of when or how the data is being gathered
while a study is being conducted which is useful as Game User Researchers do
not want to alter the data being gathered. The following subsections describes
some of the common types of tools used in the industry, corresponding examples
for each type, and the type of data that can be retrieved from them.
2.4.1 Audio-visual Recording
Tools such as ScreenFlow, a video editing and video recording software, and Open
Broadcaster Software (OBS), video recording and live streaming software, have
been used to capture footage of the player interacting with the game as well and
the gameplay footage. In addition, there are tools that allow you to transcribe
videos and audios such as Transana which allows you collaborate real-time with
other users and is compatible with multiple formats [76].
2.4.2 Quantitative or Mixed Approaches
Software tools also began to incorporate more than one method to help save on
resources instead of having to use multiple tools for each individual type of data
needed to be recorded. Nvivo is a program that allows you to organize, analyze,
and code for qualitative and mixed method approaches such as interviews, sur-
veys, and web content [66]. SurveyMonkey and Google forms are two tools that
aid in the design and administration of questionnaires towards users [76].
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2.4.3 Game Metrics
Game metrics relates to the logging of players’ interaction with the game where
buttons pressed, number of deaths, and a player’s traversal of the game are some
examples of recorded activities. For example, Vixen is a tool that provides an
interactive visualization of players’ gameplay experience by tracking player inter-
actions such as movement, orientation, and events [19]. TRUE, a tool for tracking
user experiences in real time, was developed by Microsoft Game Studios to air in
the production of Voodoo Vince which logged player behaviours such as player’s
deaths and items collected [35].
2.4.4 Additional Methods
This section discusses methods that don’t necessarily fit under one category and
make use of both physiological techniques and a stealth-based approach towards
gathering data through a tool. For example, over the past few years, multiple fa-
cial recognition software have come out with unique features of their own that just
rely on the use of a webcam to analyze the emotional state of a user such as Affec-
tiva’s facial recognition software1. Eye tracking is a well-studied measure that has
been used to analyze specific regions on a computer screen being viewed which
may or may not be contributing to usability issues in HCI. Eye tracking data can
be a beneficial addition if integrated with facial recognition as "eye tracking has
potential to help explain task performance and to detect user fatigue and strain."
[42] In addition, pupil dilation can provide us information on mental excursion,
however, more research needs to be conducted to evaluate its usefulness in GUR
since it can be affected by other means such as lighting [43]. BioGraph Inifiniti is
another software tool that analyzes and visualizes physiological data as a form
1 https://www.affectiva.com/product/emotion-sdk/
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of biofeedback to the user2. BioST is another tool that incorporated GSR data to
visualize the relationship to game events [50].
2.5 data visualization
In this section, I review some of the related research conducted in the field of GUR
and information visualization, as well as specific efforts related to data aggrega-
tion. I begin by first discussing the move towards triangulation of data types in
the field, then examining examples of visualization techniques used in GUR.
2.5.1 Triangulation of data
After discussing the different tools available and use in the GUR field and the
benefits they provide, a common theme that can be said is the need to integrate
different types of collected data to form meaningful relationships. Simply relying
on traditional methods such as observation based approaches and questionnaires
is not enough to give a full overview of the player’s experience, and while physi-
ological measures can provide us insight into the PX, their implementation poses
some challenges.
For example, the key learnings and case studies presented by game developers
in [9] highlight the challenge of analyzing and presenting the data of physiological
measure from a user study on the game Assasin’s Creed 3. The data consisted of
eyetracking and EDA which took the team 3 months to process due to the large
quantity of data, the time it takes to interpret such measures, and the lack of tools
to automate the compilation process. While they found the results of the data
quite beneficial to the improvement of the game and the development process,
the delay impacted their delivery data and stated that scope of future projects
must account for time taken to develop tools. Visualization can greatly assist with
2 http://thoughttechnology.com/index.php/biograph-infiniti-software-upgrade.html
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these challenges and has thus gradually become an important tool to expedite
exploration, analysis, and communication of playtesting data [83].
As previously highlighted, player experience is too complex to measure through
one technique alone; therefore, the GUR field relies on integrating multiple re-
search techniques when gathering player data [72]. Hence, there has been consid-
erable research effort that addresses the communication of the findings of both
quantitative (e.g., physiological data and telemetry) and qualitative (e.g., inter-
views and observations) data simultaneously and individually through gameplay
data visualization [3, 26, 34, 83]. However, there are only a few cases where both
quantitative and qualitative data was unified such as Kim et al. [34] and Mirza-
Babaei et al. [51, 52] as most visualization techniques have focused on presenting
only quantitative data. Despite increasing efforts in game data visualization there
are still areas that would benefit from further investigation, including research
on visual aggregation techniques. In the following section, I will revisit the above
mentioned projects and work involving unifying mixed data to get a better under-
standing on relevant data visualization techniques.
2.5.2 Visualizations techniques in GUR
Before I investigate related work involving visualizations in GUR, I would like to
briefly examine the use of aggregation outside of the video game industry. Chit-
taro et al. work examined visualizing movement patterns in virtual environments
should be mentioned as it discusses various way to visualize aggregated move-
ment data [10]. Similarly, Lanir et al. work looked into visualizing the users expe-
rience at the museum depicted in the blue circles that scale to show the amount
of time users spent in each location [40]. While these works are not games related,
they showcase the use of aggregation in visualization and further motivate the
move towards incorporating it to support in combating the challenges that come
with individual portrayal of data as I highlighted in the previous sections.
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
2.5 data visualization 17
In terms of visualizations within GUR, color-coded overlays superimposed over
a game’s map such as heatmaps are frequently used within GUR to convey infor-
mation. Heatmaps are a common approach for analyzing player behavior by visu-
alizing aggregated quantitative data, for example, to portray player deaths [2, 17]
or spatial statistics such as player activity in certain areas [17]. Beside showing
death locations or hotspots of other events, heatmaps can also be used to vi-
sualize player movements to a certain extent. For example, Mueller et al. used
heatmaps to visualize player positions in Minecraft to detect locations where play-
ers frequently meet [57]. Tremblay et al., on the other hand, made use of heatmaps
to depict player movements in a tool for analyzing combat and stealth behaviors
[78]. In both cases and in the work of Alessandro et al. heatmaps served as an in-
dication of the amount of movement taken place in certain regions [2]. Heatmaps,
however, are not ideal for communicating the direction of movement and also
smooth over individual differences [62].
Furthermore, since a single heatmap conveys only the occurrence of one specific
variable – therefore offering only insight into the distribution of one metric – more
than one map is required to compare additional attributes. Kriglstein et al. and
Wallner and Kriglstein’s previous work overcomes this limitation by replacing
heatmaps with clustering techniques to provide a single representation of mul-
tiple variables across space to gain deeper insights into gameplay data [37, 82].
Clustering techniques are also beneficial for aggregating individual player trajec-
tories as it reduced visual clutter in visualizations. Examples of work in this space
include Moura et al. [56] who looked at visualizing telemetry data using a clus-
tering techniques to group players who had similar play styles and Mitterhofer
et al. [53] who used k-means clustering to construct an aggregated overview of
commonly taken paths in order to detect player bots.
Hoobler et al. [33] presented Lithium, a visualization system, where the thick-
ness of a line is varied to represent recent player activity (the thicker the line
the more recent the traversal), icons for representing certain actions, and color
overlays similar to heatmaps, and a statistical aggregation technique common
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in Geographic Information Systems (GIS) [36], for observing overall trends of a
team’s activity. While the work of Hoobler et al. [33] possesses similar charac-
teristics to the visualization that will be evaluated in this thesis through the use
of colored overlays to demonstrate occupancy coverage in the map and the use
of icons, the visualization approach discussed in this thesis applies aggregation
in a different manner and combines the individual techniques into one unified
visualization instead of using separate maps for each one.
Other visualization tools focused on the portrayal of qualitative data such as
biometrics. For example, Mirza-Babaei et al. [51] proposed a biometric storyboard
GUR tool – BioSt – that visualizes the relationship between player’s physiological
changes through GSR and game events. BioGraph Infiniti is another software tool
that analyzes and visualizes physiological data as a form of biofeedback to the
user [77]. In addition, Drenikow and Mirza-Babaei proposed an interactive visu-
alization tool called VIXEN that visualizes player movement, in-game events, and
facial expression [19]. However, visual clutter is limiting the application of the
tool to larger datasets as the gameplay data was not aggregated.
Additionally, there are other examples on the of visualization in GUR where
others have used line segments to represent the individual paths taken by play-
ers either in a 2D or 3D environment. Examples in this regard include the work
of Dixit and Youngblood [16] and Wallner et al. [84] as well as Ubisoft’s DNA
suite [12]. In all three cases, color-coding was used to convey additional informa-
tion, for example, to distinguish between the paths of different players [84] or to
depict the flow of time [16]. Gagné et al., on the other hand, used semitransparent
lines to represent player movement to give a sense of the amount of movement
in certain areas [27]. Hoobler et al., in turn, used two visual features of the path
to encode more than one variable simultaneously, namely thickness to represent
time and color to depict team membership [33]. To indicate the direction of move-
ment, Drenikow and Mirza-Babaei – similar to Gagné et al. – augmented the paths
with arrow heads placed at regular intervals [19, 27].
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As mentioned, color-coded maps are often used to visualize data within GIS.
However, it is important to note that visualizations should be evaluated within
the context of use since geographic maps are not necessarily the same as in-game
maps [8, 38]. Moreover, the needs and tasks of the users of the visualization need
to be taken into account in order to facilitate effective analysis of the gathered
data [19]. Visualizations that are not suitable for the data they represent can lead
to misinterpretations. However, avoiding misinterpretation of visualizations is key
for understanding the events that occur in a game [31].
The related works described portray the significance of having effective com-
munication of gameplay data for gathering insights for decision making with
visualizations being a leading option as well as a strong argument towards in-
vestigation of effective portrayal of aggregate data to combat clutter and support
large datasets. Previous work by Wallner et al. compared aggregated and indi-
vidual visualizations of gameplay data. An individual visualization refers to the
portrayal of individual player data independently within one visualization of mul-
tiple players. An aggregated visualization refers to the portrayal of player data by
grouping or clustering of related elements (detailed explanation with examples
can be found in Chapter 3). In this thesis, I investigate how the varying visual
properties impact portrayal of the data by interviewing professional game devel-
opers covering various roles in order to get a better understanding of the benefits
and downsides of each design variant. I accomplish this by using four design
alternatives of the aggregated visualization introduced by Wallner et al. [85].
2.6 summary
This chapter provided an overview of traditional and biometric approaches and
tools used in for game evaluation to gather insight on the Player Experience (PX)
where the challenges of using some approaches are addressed. The use of visu-
alization techniques are discussed where integration of multiple sources of data
can assist in this process. Triangulating of mixed data sources has been acknowl-
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edged to be important in GUR [56, 64], but visualization of it has received limited
attention so far (see Section 2.5). This thesis investigates this research area by eval-
uating a visualization that integrates physiological, observational, and movement
data applying a unified approach to quantitative and qualitative findings.
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V I S U A L I Z AT I O N S , S T U D Y D E S I G N , & M E T H O D O L O G Y
3.1 overview
The focus of this chapter1 is on exploring aggregated visualization of gameplay
data from playtesting. Hence, this chapter presents a study composed of two main
phases which I evaluate through interviews with professional game developers.
First, a comparison of non-aggregated and aggregated visualizations. Secondly,
an assessment of alternate visual design of the aggregate visualization.
3.2 introduction
Developing a game that is fun to play is a complex endeavor due to reasons such
as the interdisciplinary nature of game development (incorporating a diverse team
of designers, programmers, and artists), the iterative character of the game devel-
opment process, and the diversity of players who may interact with the game [61].
Playtesting aims to help developers to bring their game closer to their design in-
tent and to deliver a satisfying player experience by providing insights into player
behavior and their gameplay experiences in order to help identify and resolve
potential problems before release [87].
There are two main data sources from which useful insights can be extracted:
objective in-game data (e.g., avatar movement) and subjective player data (e.g.,
1 The study presented in this chapter was published as a full paper at CHI 2019 and an accepted
full paper for CHI PLAY 2019 (see publication list 1 and 2); The lead researcher for the papers was
N. Halabi who designed and conducted the study, transcribed, analyzed, and reported the results
with P. Mirza-Babaei as the supervisor. The development of the visualizations, and statistical tests
and analysis were conducted by G. Wallner. This chapter is based on the published papers with
second phase of this study is presented in [86] and the third phase presented in [30].
22
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
3.2 introduction 23
opinions, emotions) [47]. Previous academic work has demonstrated that these
data sources are suitable for evaluating user experience in games, for example,
by utilizing player movement data for improving level design [28, 55] or by ap-
plying physiological measures to assess user engagement in games with regard
to the emotional component of their experience [44, 51]. Moreover, the game in-
dustry has shown interest in integrating these methods in game development
and evaluation [7, 64]. However, there are several challenges for practitioners and
researchers alike that need to be addressed before they are able to apply these
measurements successfully. First, the sheer quantity of data that can and is col-
lected nowadays needs to be efficiently analyzed and understood [84]. Second,
playtesting has – as discussed above – come to rely on different data sources (e.g.,
game telemetry, physiological measures, interviews). These mixed datasets need
to be integrated and tied together in a way such that the advantages of each can
be exploited [52]. Third, to facilitate interpretation of the collected data by game
developers both their tasks (e.g., improving a specific section in a level, adjusting
the difficulty of the game) and their background (e.g., the needs of game program-
mer vs. the needs of an artist or a producer) [19] have to be taken into account
when assimilating the data.
Visualization can greatly assist with these challenges and has thus gradually
become an important tool to expedite exploration, analysis, and communication
of playtesting data (see [83] for an overview). Despite increasing efforts in game
data visualization there are still areas that would benefit from further investiga-
tion, including research on visual aggregation techniques. Visualizations simply
overlaying the individual behavioral data of multiple players (e.g., [27, 19, 52])
make it difficult to observe common patterns and quickly suffer from overplot-
ting and visual clutter – issues which are magnified when the size of the datasets
increases. This makes it often difficult to read and interpret the data and, in turn,
derive actionable insights for fixing gameplay issues or suggesting improvements.
Aggregation thus plays an essential role for the above tasks as it is necessary for
achieving a non-cluttered representation of the data in order to extract general
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features (see [4]) and to obtain an initial overview – one of the basic tasks in
information visualization (see [21]).
3.3 related work
Heatmaps are one of the most commonly employed visualization technique for
gameplay analysis, the most popular example perhaps being death heatmaps
(e.g., [2, 17]). Visually, one technique discussed in this chapter bears resemblance
with heatmaps. However while heatmaps show the frequency distribution of a
single variable, the visualization investigated in this chapter visualizes metrics of
the values of a variable by subdividing space into small cells.
Furthermore, visualizations of individual trajectories are vulnerable to clutter
if more than a few paths need to be drawn. To overcome this issue a variety of tra-
jectory aggregation techniques have been proposed in the context of geographic
visualization (see, e.g., [5, 70]). Notable examples in the games domain include
the work of Moura et al. [56] who used lines of varying width to depict how
many players moved between predefined areas of the level. On the other hand,
the visualization examined in this chapter relies on an aggregated path visualiza-
tion which also explicitly shows individual trajectories deviating from the general
movement patterns.
Additionally, this chapter examines the portrayal of physiological data, specif-
ically GSR. Visualization of physiological measures has received some attention
in personal visualization to raise emotional awareness. Typically, these efforts are
rather focused on the visualization of individual data although solutions for ag-
gregated visualization have been proposed as well. For example, Kucher et al. [39]
used animated glyphs consisting of concentric circles and dot trails to represent
GSR and accelerometer values of individuals which are then arranged using a
dynamic layout to group people with similar excitement levels. While this gives
an impression of the overall excitement of a group, aggregated values are not
straightforward to infer and the abstract space representation causes a loss of
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spatial context. To make the emotional response to paintings in a museum vis-
ible, Du et al. [20] used histograms placed below the painting in a virtual 3D
representation of the museum to convey individual GSR values. Furthermore, the
floor in front of each painting was colored based on the average GSR values of
all observers. This is similar to the approach discussed in this chapter as in both
instances a color-overlay over the environment is used to reflect physiological
data. However, in this case the areas to be colored are automatically derived from
the players’ movement data. Related to games, Robinson et al. [68] proposed an
overlay visualization of physiological data atop the Twitch user interface to com-
municate the streamers’ emotional state to their viewers. Perhaps most relevant
is, however, the work of Mirza-Babaei et al. [51] who proposed biometric story-
boards which relate the intended player experience with the actual physiological
reaction of players. For that purpose, physiological data from only a single player
is displayed as a line chart along a timeline and further data such as player com-
ments. This time-centric approach makes it particularly suited for games where
players experience the content in linear fashion.
While visualization of player data is receiving increasing attention, work ex-
plicitly exploring the visualization of mixed-data sets collected during playtests
is still scarce. This chapter extends and builds upon previous work, especially
by Mirza-Babaei et al. [52], where they proposed a visualization which triangu-
lates movement data, physiological data, and verbal comments on a per-player.
Therefore, the visualization proposed by Mirza-Babaei et al. is used comparison
purposes in this study. Recently, Drenikow and Mirza-Babaei [19] proposed an
interactive visualization plug-in for the Unity3D engine which integrates, among
others, movement data, in-game events, and facial expressions. As with the afore-
mentioned approach, the system only focuses on displaying individual data and
thus is prone to overplotting and clutter. The work presented in this chapter can
be seen as a continuation of these efforts by assessing effective ways to aggregate
playtesting data in order to offer a comprehensive overview.
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
3.4 case study - infinite mario 26
3.4 case study - infinite mario
Throughout the chapter, data gathered from Infinite Mario [65] will be used to il-
lustrate and evaluate the discussed visualizations. Infinite Mario is a 2D platformer
inspired by the classic Nintendo game Super Mario Bros. As mentioned, this work
can be seen as an extension of [52]. Therefore, the data used for the visualization
is based upon it and was used to generate the visualizations examined in this
chapter.
3.4.1 Data for generating the visualizations
This subsection provides a brief description of the type of data collected and used
for the generation of the visualization. The data collection2 was not part of this
thesis, but is discussed for the purpose of understanding the type of data used to
construct the visualizations for this study.
in-game data : The in-game behavior of the player was tracked which included
movement data that was sampled in regular time intervals. In addition,
events such as deaths, collected coins, bumped blocks, and casted fireballs
together with positional information were recorded. All collected data was
time-stamped using the in-game timer and used in generating the visualiza-
tions.
physiological data : Physiological data in the form of galvanic skin response
(GSR) was captured to obtain a measure of the player’s arousal state. As
arousal levels differ from person to person, absolute values are not directly
comparable and were thus converted to relative, normalized values in the
range [0..1]. The timestamps associated with the player positions were used
to align the arousal values with the in-game location.
2 The data used to generate the visualizations are derived from [52]
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(a) Examples of icons. (b) Example of verbal comment.
Figure 3: Examples of observational data found in the visualizations. Diagram (a) icon
meaning: top left – goes back for enemies, top right – goes back for coins, bottom
left – button mashing, bottom right – goes down pipe. Diagram (b) displays an
enlarged comment of a verbal comment made by a player during the playtesting
session
observational data : Videos recorded during the playtest sessions were anno-
tated using VCode [29] in an iterative process yielding a total of 12 different
categories. Examples include: tries to go down pipe, being careful, purposefully
avoids enemies, or goes back for coins or blocks. Examples of these icons can be
seen in Figure 3a (See Appendix A.2 for full icon legend). In addition, ver-
bal comments made by the players were transcribed for the visualizations
as shown in Figure 3b.
3.5 visualizations
In this section, I describe the different types of visualizations used as part of the
study with a brief description on the techniques used to generate the visualiza-
tions.
To review, data commonly collected during playtests, in particular discrete
events (in this use case, the onset of video codings), player comments, continu-
ous data in relation to player movement (GSR values), and movement data itself
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Figure 4: Individual player trajectories are visualized using color-coded connected line
segments with color indicating arousal in this example (low high). Dis-
crete events are represented through icons (in this case they correspond to the
onset of video codings). Speech bubbles show comments made by the players
during the playtest (colors indicate different players).
have been used in the creation of the visualizations. First, I will shortly describe –
based on the previous work, [52], – a way to visualize the individual data before
focusing on the aggregate visualization recently proposed in [86].
3.5.1 Non-aggregated visualization
Figure 4 shows the individual data collected for one of the Infinite Mario lev-
els. Visualization of player trajectories, GSR values, and player comments follows
the method proposed in the previous paper [52]. In particular, GSR values are
color-coded using a yellow to red gradient and mapped to the player’s trajectory.
Comments made by players during the playtesting session are represented using
speech bubbles. In addition to [52], discrete events based on the video codings are
visualized using small icons.
Such a visualization is appropriate for examining details but it may be difficult
to obtain an overview due to several reasons. First, drawing a large number of
icons and trajectories can easily lead to visual clutter. Second, representing icons
and trajectories individually increases the likelihood of overlappings. As a conse-
quence, values mapped to the trajectories may be partly occluded and not visible
anymore. Third, visualizing all trajectories individually makes it difficult to assess
and compare the amount of movement in or between areas of a game level. This
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Figure 5: Aggregated visualization of the data depicted in Figure 4. Discrete events are
clustered and represented using icons with size encoding the number of clus-
tered events. The environment is spatially decomposed into small cells based on
player movement with cell colors reflecting average arousal value (low
high) within the cell. Movement between cells is aggregated and represented
using lines of varying thickness to indicate the amount of movement. Less tra-
versed cells are rendered more transparent than others to visually accentuate
highly traveled areas. Transparency is only depicted in the colour of the cell
which is overlaid on top of the background. The background is unaltered and
player comments are not aggregated.
is further aggravated if trajectories overlap each other as it may give a skewed
impression of the amount of movement as, for example, in area A in Figure 4.
In the following, these issues are addressed by the newly proposed aggrega-
tion3 of discrete events, continuous data in relation to player movement, and
movement data itself.
3.5.2 Aggregated visualization
Figure 5 shows the aggregated visualization of the data depicted in Figure 4 using
the three aggregation and visualization techniques described in the following.
3.5.2.1 Clustering of discrete events
To group discrete events (such as observations made when coding the videos or,
e.g., automatically recorded events such as collected items) within the vicinity of
each other, clustering is made use of specifically the DBSCAN clustering algo-
3 Based on the [86] publication.
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rithm [24]. Clustering is performed for each type of event separately based on the
positions where the events took place. For each identified cluster the barycenter
is calculated at which a glyph representing the event is placed. The size of the
glyph corresponds to the number of events contained in the cluster.
3.5.2.2 Trajectory-based space tessellation
To provide the viewer with an overall impression of how a continuous player-
related variable (e.g., health, GSR value) varies over the game environment, the
environment is partitioned into small non-overlapping regions. These regions are
then color-coded based on the value to be represented4. As movement is an es-
sential part of the gameplay of many games, player-specific variables are viewed
dependent on a player’s position. The territory tessellation algorithm proposed
by Andrienko and Andrienko [6] is used. In brief, the algorithm applies a cluster-
ing algorithm which groups the points of the trajectories in such a way that the
resulting regions will be of appropriately the same size. Each spatial position of
a trajectory is then assigned to the Voronoi cell within its boundaries it is located.
Assuming that for each position the respective value of the variable under inves-
tigation is available, the average variable for each cell is calculated5. Each cell is
represented as a color-coded convex polygon reflecting the average number. In
that sense, it can be viewed as a choropleth map where the regions are derived
from the movement data. Cells are rendered semi-transparent such that the color-
coded cells do not completely occlude the map of the game environment in order
to provide spatial context for the analyst. In addition, the transparency is varied
based on how often a cell has been passed through by all players (see Figure 5) in
order to particularly highlight highly visited areas.
4 The background elements and colours are better visible through more transparent cells.
5 However, it is noted that other measures such as maximum or minimum can be easily used instead
as well.
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3.5.2.3 Trajectory aggregation
As pointed out above, drawing trajectories individually can be disadvantages as
trajectories may occlude each other. As a consequence the information mapped
to the occluded trajectories is not discernible. Furthermore, due to overlappings
the number of trajectories in a certain area may not be conveyed properly (see
Figure 4, area A). In order to address these issues, trajectories are aggregated
together to provide an overview of the distribution and quantity of movements
over the game environment. For that purpose, the territory tessellation from the
previous step is reused and a count of how often a player crosses the border from
one cell to another. This is done by iterating through the points of a trajectory
and check in which cell it is located. If points pi and pi+1 are located in different
cells a transition takes place. Visually, the moves between the cells are represented
by lines whose thickness represents the quantity of movement. It is important to
note that this way outliers deviating from popular paths are not excluded but
are instead also displayed. Such rare trajectories can be equally informative as
popular paths.
3.5.3 Alternative aggregate designs
While the three components described previously define the overall structure and
content of the visualization, there is a certain flexibility in how these individual
pieces of content are represented visually. As Moere and Purchase [54] argue,
designing for information visualization requires to carefully balance the three re-
quirements of utility, soundness, and attractiveness. Moreover, the visual design
not only affects the aesthetics of the visualization but also influences humans’
perception and cognition of the depicted information (cf. [1]). Therefore, it is im-
portant to a) study the ramifications of the visual design within the application
domain and the tasks the visualization was designed for, and b) do not evaluate
design changes in isolation but within the whole visualization. This is fundamen-






Figure 6: Excerpts from the visualization used in the study. From top to bottom: flat
(F) shading with variable (V) transparency, smooth (S) shading with variable
transparency, flat shading with constant (C) transparency, and smooth shad-
ing with constant transparency.
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tal as the visual design of one part of the visualization can impact the readability
and interpretability of the whole. Additionally, since my thesis focuses on under-
standing effective ways to portray triangulated playtesting data in an aggregated
form as motivated in Chapter 1, I will be investigating alternative designs of aggre-
gated visualizations (See Figure 6). Based on this, two visual properties discussed
below are varied for the representation of the continuous player data as it takes on
the most prominent role in the visualization (as it covers the complete area of the
level environment where movement has taken place and thus also the part where
discrete events and the trajectories are visualized). As such, its visual representa-
tion is important as it likely influences the perception of the other data. Moreover,
such colored visual overlays are not uncommon in gameplay visualization, even
if not in the exact same form as used here.
shading : Either the cells are flat shaded using a constant color for the whole
cell, or smooth shaded by interpolating the colors between the cells. Since
the cells depict a measure of a continuous variable, flat shaded cells may
make the impression that the values are discrete. In contrast, interpolating
between the values may make it more obvious that the values change grad-
ually. However, as a result of the interpolation abrupt changes which may
happen are smoothed out and are hence not as visually salient as with flat
shading.
transparency : In order to not occlude the background image which shows
the level environment, and thus provides context for the analyst, cells are
always rendered semi-transparent. In one case, a constant alpha value is
used across all cells while in the other case the opacity varies from cell to
cell based on the amount of movement happening within a cell. The latter
has the benefit that areas with increased movement activity are highlighted
additionally (low opacity) while rarely traversed parts are de-emphasized.
However, as the transparency affects the properties of the colors it might
hinder comparison of the values between cells.
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By combining the two properties shading (flat or smooth) and transparency
(constant or variable), four different variants (cf. Table 3) for the cell-coloring
were created. All other aspects of the visualization were kept constant. Figure 66
shows excerpts from the visualizations that were used as part of the study (See
Appendix B) The images display data from six players gathered during a playtest-
ing session of Infinite Mario [65] which are from Mirza-Babaei et al. [52].
3.6 method
The study was designed using semistructured expert interviews and rating scales
to, first, evaluate evaluate the aggregated visualization technique (Viza) and to
compare it to the visualization showing individual data (Vizi) (see Figures 4 and
5) and, second, to evaluate the four different visual designs (see Figure 6).
3.6.1 Experimental Design
Before conducting the actual interviews, a pilot study with two individuals was
held to ensure that the study design is appropriate. After revising the study,
the interviews were conducted online through either Skype [75] or Discord [15]
as both platforms offered screen sharing capabilities. Potential participants were
contacted through LinkedIn7, an online social business service, and a study ses-
sion was scheduled through email. Realtime-Board [67], an online collaboration
tool, was used to display the visualizations during the interviews and to allow
participants to zoom and move around to closely examine each visualization. All
interviews were conducted by the same interviewer to ensure consistency. A con-
sent form was issued to the participants ahead of time and the study was recorded
6 The shading seen in VDV-S and VDC-S has introduced white edges to the outermost coloured cells
which are discussed as part of the results of the study that evaluated these alternative designs.
7 https://www.linkedin.com/
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rating of the 3 alternative designs
according to 7 quality measures 
Discussion
Figure 7: Visualization Study Procedure. Phase 1 is used to asses the participants back-
ground and experience. Phase 2 investigates the comparison of individual and
aggregated visualizations through Vizi and Viza (also labelled as VDV-F). Phase
3 investigates the alternative visual designs through VDV-F, VDV-S, VDC-F, and
VDC-S.
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using Open Broadcast Software [63] for later analysis. The study was structured in
three phases (Refer to Figure 7):
in phase 1 , a semi-structured interview took place where participants were asked
questions concerning their background in the game development industry
and their experience with user testing and user test reports.
in phase 2 , the participants were presented with the different visualizations
which they were asked to examine on their own screen through Realtime-
Board. Participants were asked to share their screens during this stage to
facilitate the discussions and later analysis. For this part, one aggregated
(Viza)8 and one non-aggregated (Vizi) visualization for two different levels
of the game are prepared (yielding four visualizations in total9). Excerpts
of these visualizations can be seen in Figures 4 and 5. Different levels were
used for both visualizations to control for the possibility that participants’
responses to one visualization would be influenced from insights extracted
from the other visualization. Before a visualization was shown to the par-
ticipants they were provided with a written explanation of the visualization
and a legend describing the different parts.
After participants had sufficient time to view and get acquainted with both
visualizations, I followed up with a discussion about their thoughts of the
visualizations and provided them with tasks which required them to exam-
ine the visualizations in more detail. For example, I asked them if they got
a sense of where players may have died or had trouble making a jump, and
what they liked or did not like about each visualization. Finally, participants
were asked which of the two visualizations they prefer. (See Appendix A.3)
Afterwards, participants had to rate the visualization according to six quality
measures on a five-point scale anchored by poor (1) and excellent (5). These
8 Viza is the same visualization as the visual design, VDV-F, used in phase 3.
9 See Appendix B.1
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measures were drawn from previous research on gameplay visualization
from Wallner and Kriglstein [81] and include:10
• clarity – is the displayed data clearly interpretable or ambiguous
• readability – are the visual elements easily legible and distinguishable
• informativeness – does it provide interesting or new information
• aesthetic appeal – is it visually appealing
• accurateness – is the displayed data accurately enough
• usefulness – is it useful for gameplay analysis.
Responses to these scales are treated as ordinal and analyzed using non-
parametric statistics.
in phase 3 , the focus was to assess the visual decided where participants were
presented with the four visual designs with data from the same level (cf. Fig-
ure 6) to be examined simultaneously and were the participants screens re-
mained shared to facilitate the discussion. It’s important to note that Viza of
phase 2 was provided as one of the visual designs and represented as VDV-F
visual design. The first task required participants to examine each design
for dissimilarities to help them become familiar with the content depicted
in the visualizations. Once participants were ready to begin the discussion,
they were asked to share their thoughts, reflect on (dis)advantages of the de-
signs, about the differences they noticed, and about their preference in terms
of transparency and shading. Afterwards, participants had to rate the visual
designs (rating of VDV-F was excluded at this stage as it was rated as part of
phase 2 as Viza) according to six quality measures on a five-point scale an-
chored by poor (1) and excellent (5). The study concluded with a discussion
of their ranking of each visual design from most preferred to least preferred.
10 Wallner and Kriglstein [81] list seven measures of which readability and ease of extraction have been
replaced by a single readability category here as participants of the pretest struggled with the
differentiation.
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It is important to note that the ranking required to consider the design vari-
ants as a whole while preference regarding shading and transparency was
evaluated separately.
3.6.2 Participants
Nine video game professionals from Canadian and US companies took part in this
study. I strove to recruit a diverse group of video game professionals that cover
different roles in game development (cf. Table 4). Of them, seven participants
worked in a mid-sized gaming company, one in a large company, and one in an
indie studio. One out of the nine participants was female. Four participants had
less than 3 years, four had between 3-4 years, and one participant had 15 years of
industry experience. Three participants indicated to be not or only slightly famil-
iar with visualization, one as moderately familiar, and five as very or extremely
familiar.
3.6.3 Analysis
Transcripts of the recorded interview sessions were prepared and analyzed using
MAXQDA [80]. For the analysis of the transcripts a deductive qualitative content
analysis [71] with pre-defined categories derived from the six quality measures
(readability, usefulness, accurateness, . . . ) derived from the work of Wallner and
Kriglstein [81] was employed. These categories were chosen in order to under-
stand the participants reasoning behind their ratings of the visualizations. Each
statement was further labeled as either positive or negative to reflect the partic-
ipant’s sentiment. Furthermore, additional codes were used to specify towards
which visualization the statement was directed. Two codes, (Viza and Vizi), were
used in phase 2 while four additional codes, (VDV-F, VDV-S, VDC-F, VDC-S), were
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used in phase 3 (Transcribed interviewes with coding can be found in Appendix
B.2).
3.7 summary
In this chapter, the user study design is presented consisting of three phases with
an overview of the participants who took part in the study based on the results of
phase 1. Additionally, the visualizations used to evaluate the study are discussed
in terms of the mixed data they contain based on the use case, and the analysis
plan for the study is outlined. The results of phase 2 and phase 3 will be presented
in chapter 4.
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R E S U LT S
4.1 overview
This chapter presents the results of phase 2 and phase 3 of the study design.
First, the ratings from the survey are outlined and the interview comments that
have been analyzed through a deductive qualitative analysis approach [71] are dis-
cussed in terms of the six quality measures for the second phase. Second, the same
qualitative analysis approach was conducted and discussed for the third phase of
the interview where the rankings of the four visual designs, and the preference
between the two visual properties (Transparency and Shading) are presented.
4.2 results of phase 2
In the following, the ratings and the results of the second phase of the qualitative
analysis will be presented with respect to the six quality measures.
4.2.1 Ratings
Figure 8 gives on overview of the distribution of the ratings of the individual and
aggregated visualization according to the six quality measures. Ratings between
the two versions for each criteria were compared using Wilcoxon signed-rank
tests using a significance level of α = .05. Effect sizes were calculated following
Rosenthal [69] using Z/
√
N with N being the number of observations. Results in-
dicated that the aggregated visualization was rated significantly higher in terms
of readability (Z = −2.209, p = .027) with a large effect size (according to Cohen’s
criteria [11]) of r = .52. In terms of usefulness, analyses did not indicate a signifi-
40
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Figure 8: Participants’ ratings of the two visualizations with respect to six criteria (I =
individual, A = aggregated, ∗significant differences in ratings at p < .05).
cant result (Z = −1.933, p = .053) but still yielded a medium effect of r = .46 in
favor of the aggregated visualization. All other quality measure were statistically
non-significant with effect sizes of r < .4.
4.2.2 Interviews
In the following, I discuss participants’ comments concerning the six quality mea-
sures. Table 1 provides a summary of the number of statements with respect to
the six categories.
4.2.2.1 Readability
Viza was better received (48 positive and 14 negative statements) than Vizi (24
positive and 51 negative statements) in regard to how easily different visual ele-
ments were extracted. This is also in line with the ratings, where Viza received
significantly higher scores than Vizi.
Concerning Vizi, comments were made relating to the lines creating too much
clutter to extract information quickly and to cause clusters of illegible data which
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Table 1: Results of the deductive qualitative content analysis for the second phase of the
study. Number of positive (+) and negative (-) statements concerning the six cat-
egories, grouped by visualization (Viza = aggregated, Vizi = non-aggregated).
Category + Viza - + Vizi -
Readability 48 14 24 51
Usefulness 35 5 24 6
Accurateness 1 4 4 4
Aesthetic Appeal 17 10 6 11
Informativeness 31 22 22 23
Clarity 26 40 33 27
make it difficult to keep track of a single player’s movement (24 statements from
8 participants). These occlusions also prevented participants from extracting data
from the individual lines. Similarly, the readability of the icons and judging the
frequency of occurrence of the depicted events was low either because of their
small size or being occluded by other icons (16 statements; 8 participants). Ad-
ditionally, Vizi was found easy to extract information about level pacing, deaths
due to falling off the map, retracing player movements, and discerning enemy
locations.
Viza, on the other hand, received predominantly positive statements with only
14 negative comments. In particular, subjects found that Viza makes it easier to
assess the overall arousal state of different sections of a level (4 statements; 3
participants) and to understand player behavior at a glance (23 statements; all
participants) compared to Vizi, for example, due to the frequency count being
reflected by the size of the icons. In addition, player divergence from the main
path and player struggles were easier to read due to varying thickness of the line
and the change in opacity (10 statements; 5 participants).
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What I liked the most of the aggregated view is the number of times individuals were
confronted with a problem [icons] and the way that stacks and I also like that the size of
the path is telling you what was the most commonly taken path. I think that’s a little
easier to read and it’s a little more viable. [P5]
Contrarily, some participants found it difficult to extract information in Viza such
as enemy and power-up locations due to the colored arousal data being superim-
posed on the level map or due to increased icon size (6 statements; 5 participants).
This difficulty also appeared in connection with Vizi in areas with high move-
ment.
4.2.2.2 Usefulness
Both visualizations received a large number of positive comments regarding their
usefulness for gameplay analysis with both being deemed helpful for getting an
idea of which issues need to be fixed and for identifying possible solutions. Con-
cerning Vizi subjects declared they found it useful for analyzing how to provide
incentives to players to perform a certain action (2 statements; 2 participants) and
for assessing difficult areas of a level (5 statements; 3 participants), as exemplified
by the following quote:
I can see all the individual players and what exactly they are doing. I find it more useful
for gauging difficulty. [P8]
Viza was considered effective for identifying and reporting main issues of a level
(17 statements; 7 participants) and understanding pacing (climax/cooldown) (6
statements; 3 participants). Moreover, three participants found the frequency of
behavior portrayed through the icons useful for comparing the actual to the in-
tended experience, and two participants were able to distinguish between level
design issues and player skill in Viza.
So it’s more of like did we want that to happen because that’s going to happen to a lot of
our players. [P3]
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One participant considered Viza less useful for determining level difficulty. Addi-
tionally, one subject mentioned that the visualization would be even more useful
if it would be interactive to be able to adjust the displayed data based on the
analysis task to facilitate better decision making.
4.2.2.3 Accurateness
In general, subjects did not talk much about the accuracy of both visualizations,
possibly indicating that accurateness has not been a major point of concern for
both visualizations.
Concerning accurateness of Vizi participants had diverging opinions as re-
flected by an even number of positive and negative statements (by three partic-
ipants). One participant felt it is not necessary to have pixel accurate information
on player traversal of the level and that aggregated data is sufficient. Another
participant questioned the accurateness of the data in Vizi when there was a mis-
match between the encoded event and the possible player behavior, or when there
was not enough supportive data to back up expectations.
I don’t really understand how people can miss a jump over there. I don’t know if that’s
even possible. [P3]
In other instances, participants found Vizi more accurate than Viza due to the
higher level of detail and clarity of the individual player paths.
Viza received five statements pertaining to accurateness with one being positive.
Critical comments in this regard, mainly questioned Viza due to the participants
not understanding how the data was aggregated or when they had problems
when icons did not reflect player events as expected (requiring them to refer to
Vizi for further clarification).
I’m not sure there but it was a tricky jump [. . . ] it doesn’t look like he got caught in this
corner because we don’t have positional data in that corner [. . . ] So that’s maybe
something I would have to look at in an individual play session to see okay how did we
code this or why did we code it. [P6]
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
4.2 results of phase 2 45
4.2.2.4 Aesthetic Appeal
Each visualization received positive and negative statements referring to the aes-
thetics of the visualization. However, Viza received almost three times more posi-
tive statements then Vizi. Both visualizations received positive comments relating
to the color choices being complementary allowing for information to stand out.
At the same time, two participants pointed out that the red and yellow colors may
cause problems for individuals with color vision deficiency.
Concerning Vizi, subjects found that the smoothness of the lines was aesthet-
ically pleasing as it better portrayed the jumps. Some of the negative comments
regarding aesthetics were related to icons not being easy to spot to due their small
size or low contrast or how they added noise to the visualization (5 statements;
2 participants). It was also mentioned that areas with increased movement nega-
tively affected the aesthetics due to clutter (3 statements; 2 participants).
Viza was mainly praised for presenting information in a way such that it clearly
stands out, for example, through the contrast in color and the aggregated icons.
They [icons] actually pop out really well because they are still black and white, but they
are layered on top of the colors so they stand out really well. [P6]
However, some participants felt that the cells from the territory tessellation and
the thin lines showing minor cell transitions (such as in area A in Figure 5) added
noise to the visualization (4 statements; 3 participants).
4.2.2.5 Informativeness
Both visualizations received over 20 positive and negative statements concerning
the visualizations’ ability to provide new or interesting information with Viza
receiving the most positive statements (31).
Pertaining to both visualizations, two individuals stated that they do not find
the arousal data informative. Additionally, two participants commented that more
interesting information could be derived from the icons such as "avoided power-
ups" or "avoided enemy" if they were more specific (i.e., icons which differentiate
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between different enemies and power-ups or between players going back for ei-
ther a coin or a power-up). Some positive points that were highlighted in both
visualizations are their ability to inform where players missed a jump and had
to go back and how the icons and arousal data point to areas of player struggle
(Vizi: 12 statements; 5 participants, Viza: 14 statements; 8 participants).
Specifically in Vizi, player deaths through lines trailing off the map or sudden
line ends provided information on areas of struggle. However, the interviews
highlighted how certain information is lost due to clutter or player trajectories
occupying the same space (cf. readability, Figure 4 – area A).
So any individual user data becomes lost because as more people are traveling through
there you can get to the point where some people turn around or some people die and you
don’t know that because it’s just one thin line. [P2]
In addition, participants found that information cannot be deduced in high den-
sity areas in Vizi, and that individual lines may not be as informative as Viza (10
statements; 6 participants). Participants, for example, commented:
I can’t tell what happened here [cluster of lines in Vizi ]. It just looks like a cluster. Yeah,
it’s informative but again not as much as the last one [Viza ]. [P9]
Regarding Viza, seven subjects said that the icons and their corresponding fre-
quency value provide interesting information about players’ behavior and where
the main issues are.
The icon and the thought bubble you know made it really obvious that hey people were
trying and not only that but why they were trying. [P7]
Another point that was expressed during the interview by one participant was
that information regarding the exact number of players diverging from the main
path becomes lost as it is not depicted textually.
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4.2.2.6 Clarity
Vizi received slightly more positive (33) than negative statements (27) concern-
ing how clearly the information is interpretable. In contrast, participants were
more critical concerning Viza with 40 statements classified as negative and 26
as positive. Participants found it is clear what both visualizations are trying to
communicate such as players’ experiences within a level, points of difficulty, and
player behavior (e.g., where players fell off the map). However, it was not clear
which items were hidden in the power-up boxes.
Adding where power-ups are would be helpful as well as [. . . ] to say where there is a
danger so that if there is a failed jump – its because of danger there and not random failed
jumps. [P2]
The level geometry in Vizi is clear as it is not obstructed by larger icons, but in
areas of high density information it becomes difficult to interpret player behavior.
It was mentioned that the number of players who pass through an area is not clear
as the individual lines occlude one another (resembles one thin line) resulting
in loss of information (10 statements; 5 participants). Two subjects, for instance,
reverted to counting the number of lines in Vizi to get an idea about the number
of players the data was from.
In relation to Viza, it was noted that the visualization provides a clear overview
of the level and that the arousal areas are easily interpretable. The majority of
the negative comments (15 statements; 5 subjects) were in relation to how level
information was obstructed by iconography and arousal data making it less clear
where enemies or power-ups are.
4.2.2.7 Participants’ preferences
The results indicate that the aggregated visualization (Viza) was highly preferred
by the majority of the participants. Two participants (P1 and P4) preferred to use
both visualizations for game evaluation and only one (P8) preferred Vizi. P4’s
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Figure 9: Ratings of the four different visual designs with respect to six criteria on a five-
point scale ( 1 = poor, 2, 3, 4, 5 = excellent).
reasoning was that Viza could be used to get a general idea of issues but when
specific data is required he would switch to Vizi. P1 stated that his choice would
depend on the specific case he is dealing with:
If I was reporting to a designer who said: Hey what are the main issues? Then, Viza
would be the one I chose because it is easier to see the icons [. . . ] it’s easier seeing that
single picture and having that single picture style (referring to Viza). [P1]
P8 preferred to use Vizi as she found it was easier to gauge difficulty and was
able to better differentiate between players.
4.3 results of phase 3
4.3.1 Interviews
In the following, I discuss the participants’ statements relating to the six criteria
for the third phase of the study. A summary of the six quality measures with
respect to each of the four visualizations is given in Table 2. Note that, due to the
interviews being semi-structured, not every participant commented on all aspects
equally. Participants rather focused on what mattered to them and what they
found important, hence certain criteria received no positive or negative comments.
Figure 9 shows the ratings of the different visual designs grouped by the quality
measures.
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Category VDV-F VDV-S VDC-F VDC-S
Readability 14 2 6 6 8 2 5 6
Usefulness 7 1 7 4 7 1 5 3
Accurateness 2 1 0 7 0 1 0 6
Aesthetic Appeal 1 0 7 1 1 5 7 1
Informativeness 5 1 7 5 3 4 1 6
Clarity 4 2 5 8 5 2 0 8
Table 2: Results of the deductive qualitative content analysis for the third phase of the
study. Number of positive (green) and negative (red) statements concerning the
six categories, grouped by visual design.
4.3.1.1 Readability
VDV-F received by far the highest number of positive comments (14 statements)
whereas VDC-S received the lowest number of positive comments (5 statements)
compared to VDV-S (6 statements) and VDC-F (8 statements) regarding how easily
discernible the different visual elements in the visualization are. The highest num-
ber of negative comments were directed towards VDV-S and VDC-S (6 statements
each) while the others received little negative remarks – VDV-F and VDC-F evoked
only 2 negative statements each.
The positive comments towards VDV-F (from 6 participants) were expressing
that the GSR data was easier to discern since extracting high and low arousal
moments was easier. One participant (P6) added that he is able to recognize the
progression of the GSR data more easily, as it was also the case with VDC-F. Ad-
ditionally, both VDV-F and VDV-S received similar comments pertaining to the
easier extraction of the frequency of travelled paths and spotting of areas with
higher arousal intensity (compared to VDC-F). VDV-S’s positive comments (from
6 participants) described how easy it was to distinguish between shaded areas,
how large icons were better perceivable, and how participants were able to de-
tect progression through the GSR data and frequency of player traversal. VDC-F
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received positive comments (from 4 participants) regarding how easily identifi-
able the different GSR arousal levels are – especially for detecting outliers in the
GSR data (compared to VDV-F) – and how the icons were more discernible com-
pared to other visual designs (similarly to VDV-S’s comments). VDC-S’s positive
comments (from 5 participants) described how the participants were better able
to read changes in the GSR data, since the context and the progression of the GSR
data could be better perceived (similarly to VDV-S).
However, VDC-S, VDV-S, and VDC-F received negative comments (from P3 and
P5) about how it was more difficult to read the level of intensity which felt static
to the participants. The remaining negative statements of both VDC-S (from 4
other participants) and VDC-F (P2) were regarding the difficulty in interpreting
the frequency of travelled paths. P2 further elaborated on how it was not easy to
extract the player traversal at-a-glance in VDC-F. The negative comments common
to VDV-F and VDV-S pertained to how it was a little harder to read GSR values (P1)
and being concerned that having layered information affects readability (by using
color to display GSR data then layering it on top of the map using transparency)
(P7). Furthermore, VDV-S received negative comments (from 3 participants) with
respect to how the shaded GSR data was harder to perceive, thus requiring more
attention from the participants when reading the visualization.
4.3.1.2 Usefulness
Regarding the usefulness of the four variants for gameplay analysis, VDV-F, VDV-S,
and VDC-F, received the highest number of positive comments (7 statements each)
compared to VDC-S (5 statements). Contrarily, VDV-S received the highest number
of negative comments (4 statements), VDC-S received 3 negative comments, and
VDV-F and VDC-F received 1 negative comment each.
Concerning VDV-F and VDV-S, 4 positive comments (from 3 participants) de-
scribed them as being useful for analyzing player movement and for providing
an at-a-glance summary. Additionally, two statements (from 2 participants) found
VDV-F and VDC-F useful for gameplay analysis. Two comments (from P7) under-
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scored how VDV-S and VDC-S are useful for depicting pacing and for analyzing
emotional reactions. At the same time, however, they considered it to be more of a
supplementary visualization where having a specific question in mind would be
useful. When it comes to VDC-F and VDC-S, two comments (from P1) expressed
how these visualizations are useful for portraying GSR data. Additional com-
ments pertained to how VDC-F was more convinient for analyzing the high and
low arousal moments compared to VDC-S and how VDC-F is helpful for analyzing
outlier data. One participant (P7) spoke positively about how the visualization
as a whole is useful for understanding player engagement, locating areas for im-
provements, and answering design questions. Negative comments towards VDV-S
and VDC-S (from 3 participants) were referring to the uncertainty caused by the
shading of the GSR data as it was not clear which additional use it provided
apart from introducing smoothness to the data. P2 found VDC-F not useful for
providing an at-a-glance summary while P7 was not convinced that the variable
transparency in VDV-F and VDV-S is helpful for analysis as it adds complexity.
4.3.1.3 Accurateness
Regarding how accurate the data was perceived by participants, VDV-F received
the only positive comments (2 statements) while VDV-S and VDC-S received the
most negative comments (7 and 6 statements, respectively). Both VDV-F and VDC-F
received 1 negative comment each.
The positive comments towards VDV-F (from P1) described VDV-F to be a little
more accurate when relating the GSR data to specific jumps, and to have higher
accuracy in the GSR data portrayal compared to VDC-S. The negative comment
VDV-F and VDV-S received (from P7) was about being concerned that the GSR
data could be misleading because of the transparency introducing a ’washed out’
effect. The other negative comments towards VDV-S (from 4 participants) were
regarding the shading since not understanding the implementation of the shading
caused them to question the accurateness of the GSR data. VDC-S received similar
comments (from 5 participants) than VDV-S in addition to a comment from a
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participant thinking that the shading introduces ambiguity with respect to where
the GSR arousal data exactly occurred. P9 questioned the accurateness of VDC-F
due to quick changes in the arousal data when an outlier deviates from the main
path.
4.3.1.4 Aesthetic Appeal
VDV-S and VDC-S received the highest number of positive comments (7 statements
each) while VDV-F and VDC-F only received 1 positive comment each regarding the
aesthetic appeal of the visualization. VDV-F received no negative comments, VDV-S
and VDC-S received 1 negative comment each, and VDC-F received the highest
number of negative comments (5 statements).
The positive comments (from 6 participants) pertaining to VDV-S and VDC-S
were related to how the shading was aesthetically pleasing as the shading has a
softer feel, giving a sense of progression and fluidity to the data presented, and
allowing for the borders of the cells to disappear and for the regions to blend. P7
added that the shading gives a cool 3D effect due to the white edges while P9
added that the shading provides a heatmap feel where all the GSR data forms a
’coherent whole’. Regarding VDV-F’s single positive comment, P9 felt that while
some areas seemed to have a drastic change in arousal (where outliers emerge
from the main path) it was still subtle due to the display of the information. In
contrast, VDC-F received one positive comment on how the arousal data appeared
more bright when viewed from farther away.
Contrarily, the negative comments VDC-F received (from 3 participants) were
related to how the visualization was not aesthetically pleasing due to the tessel-
lated regions and muddiness (when compared to VDV-S) as well as due to sudden
drastic changes in the GSR data around outliers, introduced by the lack of trans-
parency. VDC-S received a similar comment to VDC-F regarding muddiness in the
GSR data while another participant expressed how the data in visualization VDV-S
appeared ’washed out’ compared to VDV-F.
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4.3.1.5 Informativeness
VDV-S received the most positive comments (7 statements) in comparison to VDV-F
(5 statements), VDC-F (3 statements), and VDC-S (1 statement) regarding the visu-
alizations’ abilities to provide interesting or new information. VDC-S received the
highest number of negative comments (6 statements) while VDV-S received 5 neg-
ative comments, VDC-F received 4 negative comments, and VDV-F received only 1
negative comment.
Both VDV-F and VDV-S, received similar positive comments (from 5 participants)
regarding the number of players in certain areas and on the data’s intensity such
as high arousal areas compared to other visualizations. Specifically, VDV-S re-
ceived an additional positive comment referring to areas with many player jumps,
with the blending being perceived as more informative of the overall arousal data
(compared to VDV-F). Regarding VDC-F, the positive comments highlighted how
having constant transparency allows for outliers in the GSR data to appear vi-
brant. One participant explicitly stated how such areas would have gone unno-
ticed in the other visual designs. Moreover, that way areas of rapid change –
which are informative with respect to pressure points – are better perceivable
(from 3 participants). P1 positively expressed that VDC-S is more informative of
context compared to VDC-F.
Concerning the negative aspects, both VDV-S and VDC-S received comments
(from 4 participants) on how they did not find the shading in the visualizations to
provide new information, with one participant (P7) adding that it even distracted
from the content. Additionally, P8 felt that there is a loss of information when con-
stant opacity is used together with smooth shading such as in VDC-S since it is
no longer clear where outlier GSR data starts when deviating from the majority’s
path. Concerning VDC-F, the negative remarks described how the visualization
seems to lose information about player arousal in terms of frequency compared
to VDV-F and VDV-S (from 4 participants), with one participant (P2) adding how it
misguides on where the important information is. The negative comment VDV-F
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received was regarding how the variable opacity is showing information about
frequency which is already conveyed by the aggregated lines; thus, feeling like no
new information was provided (similar to VDV-S).
4.3.1.6 Clarity
Both VDV-S and VDC-F received the largest number of positive comments (5 state-
ments each), VDV-F received slightly less positive feedback (4 statements), and
VDC-S received no positive comments regarding how clearly the information was
displayed. Furthermore, VDV-S and VDC-S received the most negative comments
(8 statements each), VDV-F received 2 negative comments, and VDC-F only 1 nega-
tive comment.
Concerning VDV-S’s positive facets, participants found it clear how the opacity
reflected the frequency of players and liked that the shading does not obfuscate
player information (from 3 participants). Both VDV-F and VDC-F received positive
comments (from 3 and 5 participants, respectively) on the clarity of the GSR values
and the easy recognition of high arousal areas. One of the remarks that pertained
to only VDC-F described how clearly specific locations of GSR values are conveyed.
With respect to negative comments, VDV-S and VDC-S received concerns (from
6 participants) about the loss of clarity in the portrayal of arousal data in relation
to the location, confusion with what the shading represented, and loss of clar-
ity particularly regarding outlier arousal data. Regarding the negative comments
towards VDV-F, two participants felt that the GSR data appeared vague in areas
with many player jumps. Concerning VDC-F’s negative comment, the participant
thought that there was a lack of clarity with respect to offering sufficient gameplay
context.
4.3.2 Ranking
After examining the four visualizations, participants were asked to rank the four
variants and explain their ranking (cf. Table 3). VDV-F was only ranked as ei-
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ther first or second, while VDC-S was only ranked as either third or last. Table 3
provides an overview of the rankings of the four alternatives. A Friedman test in-
dicated significant differences in the rankings (χ2(3) = 11.4, p = .006) with mean
ranks of 1.56 (VDV-F), 2.22 (VDV-S), 2.67 (VDC-F), and 3.56 (VDC-S). Kendall’s W
was .422, suggesting a moderate agreement among raters. Post-hoc analysis using
Wilcoxon signed-ranks tests and Bonferroni corrected α-level of .0083 showed sig-
nificant differences only between VDV-F and VDC-S (Z = −2.694, p = .004) with
an effect size [69] of r = 1.1.





Table 3: The four visual designs along with their properties for transparency and shading
and the participant’s rankings ( = rank 1, = rank 2, = rank 3, = rank 4).
Regarding the most preferred visualization (rank 1), VDV-F received the highest
number of selections, while VDC-S was never selected. Four participants (P2, P3,
P6, and P8) ranked VDV-F as their most preferred visualization as they found the
information about GSR data was portrayed clearly and could be extracted easily
due to their preference of the visualization having flat shading with variable
transparency. Three participants (P4, P5, and P9) ranked VDV-S as their most pre-
ferred design as they enjoyed how transparency was utilized and because they
found the smooth shading aesthetically pleasing. The other two participants (P1
and P7) ranked VDC-F as their most preferred visualization, with P1 finding that
VDC-F offered him the best at-a-glance representation and P7 favoring VDC-F over
VDV-F due to the latter visualization having variable transparency which he felt
affected the brightness/contrast of the information.
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With respect to the second most preferred visualization (rank 2), VDV-F received
the highest number of selections while VDC-S was never ranked second. Five par-
ticipants (P1, P4, P5, P7, and P9) picked VDV-F as their second ranked visualiza-
tion as they favored the variable transparency and the flat shading of the GSR
data as it a) allowed them to more easily perceive high and low arousal areas and
b) was less distracting. Two participants (P2 and P6) selected VDV-S as their sec-
ond ranked visualization as they enjoyed having the variable transparency. P2
added that the smooth shading allowed him to pay more attention to the data.
P8 chose VDC-F as her second ranked visualization. Even though it was missing
multiple levels of transparency she found the data clearly readable due to the
flat shaded GSR cells.
Shifting the focus to the third most preferred visualization (rank 3), VDC-S re-
ceived the highest number of selections while VDC-F received the least number
of selections. Four participants (P1, P2, P4, and P9) selected VDC-S as their third
ranked visualization as they found it aesthetically pleasing as the smooth shad-
ing allowed them to easily follow changes in the GSR values and because they
preferred the smooth shading over the stark contrast found in VDC-F. However,
a participant added that he did not like how the smooth shading would cause
areas to appear more important than they actually are, but was still able to use the
smooth shading to discern changes between regions. Three participants (P3, P7,
and P8) picked VDV-S as their third ranked visualization as it contained varying
levels of transparency that contributed to readability by ’segmenting’ the smooth
shaded data. Two participants (P5 and P6) selected VDC-F as their third ranked
visualization as they both did not enjoy the smooth shading in the other visualiza-
tions due to the muddiness and confusion arising from the white edges. As such
they found the discrete subdivision from the flat cell shading more informative.
Regarding the least preferred visualization (rank 4), VDC-S was most often cho-
sen while VDV-S received the least number of selections. Five participants (P3, P5,
P6, P7, and P8) selected VDC-S as their least preferred visualization due to its lack
of varying levels of transparency and because they disliked the smooth shading
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ID Role Transparency Shading
P1 Designer/User Researcher constant flat
P2 Designer variable indifferent
P3 Gameplay Programmer variable flat
P4 Programmer variable indifferent
P5 Content System Designer variable flat
P6 Data Analyst variable flat
P7 Content Designer constant flat
P8 Designer variable flat
P9 Technical Producer variable flat
Table 4: Participants preference in terms of transparency and shading.
which they felt causes a loss in information and makes extracting information
more difficult. Three participants (P2, P4, and P9) ranked VDC-F last since they
found it less useful for extracting player information quickly and did not find it
aesthetically pleasing due to the flat cell shading and the stark contrast of the
outlier data. P1 selected VDV-S as the least preferred option because the shading
caused the participant to question the accurateness of the data.
4.3.3 Preference
Participants where asked about their preference of visualizations that contained
variable or constant transparency and on their preference of flat vs smooth
shading. A summary of their answers is given in Table 4 in relation to the partici-
pants professional roles. Regarding transparency, the majority of the participants
(7 out of 9) favored variable transparency as it made it easier to extract informa-
tion related to frequency, was informative of important arousal information, and
was useful for providing an at-a-glance summary of travelled areas as highlighted
by the following quote:
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The lack of [variable] transparency makes it harder to tell which areas are more travelled
overall and which areas are less travelled. It makes areas where one player goes through
seem more important than they actually are. [P2]
Additionally, one participant added that the transparency could be inverted to
highlight outlier data suggesting a need for interaction:
I think I like the variable opacity because it informs on how most players took this path
–[For example,] this is the data we have the most of, but maybe I care more about the
outlier data, maybe I would want to flip it. [P9]
Contrarily, there were two participants (P1 and P7) with a design and user re-
search background who preferred constant transparency. The reasoning behind
their preference was how one of the participants was not convinced on having
two dimensions of information – variable transparency in addition to color –
in one visualization while the other felt constant transparency allows for the
visualization to purely showcase and easily extract the GSR data.
I could see transparency in VDV-F being useful in a different type of heatmap where like
nothing much is going on here so it is less transparent, but yeah again mixing cell color
[shading] and transparency I’m not convinced essentially that it would be useful. [P7]
Regarding shading, the majority (7) of the participants favored flat shading in
the visualization as it offered a well-readable representation of the data (specifi-
cally of high and low arousal areas). Others liked the idea and aesthetics behind
the blending of the data, but found the implementation raises questions about the
accuracy of the data.
I really like the idea behind the blending [smooth shading]. It makes sense because it
gives you that sense of progression throughout the level. Having said that, I think the
implementation of it that I’ve seen so far has made me kind of prefer the solid colors [flat
shading]. That is, just because we see a lot of corners kind of veer towards white. I’m not
sure why that might be, but that is something that kind of almost distracts from the data
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– it makes me think that something else is there when maybe isn’t. But I do like the idea of
having something a bit blended, it’s a bit more progressive. [P6]
However, there were two participants (P2 and P4), a designer and a programmer
respectively, who felt indifferent regarding the shading. One participant did not
feel the smooth shading contributed new information, but it did not obfuscate
information either. Whereas the other did not understand the purpose behind the
smoothing, but found it visually appealing.
4.4 summary
In this chapter, the results of the two main phases of the visualization study are
presented. The results of the second phase describe the comparison between non-
aggregated and aggregated visualization while the third phase describes the par-
ticipants interpretations of four alternative visual designs. (Refer to Appendix C)
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D I S C U S S I O N & C O N C L U S I O N
In this chapter, the results of each study are synthesized, and final remarks are
made regarding the thesis statement outlined in Chapter 1. This section has been
structured to reflect the contributions presented at the end of this chapter.
5.1 non-aggregated vs aggregated visualizations
The most pronounced differences between the two visualizations appeared in
terms of readability, with participants rating the aggregated visualization sig-
nificantly higher than the visualization of the individual data. This better perfor-
mance in terms of readability was also evident in the participants comments with
Viza being received more positively, mainly because of the lines in Vizi causing
clutter, lines being superimposed and thus occluding information, and the large
amounts of – sometimes overlapping – small icons making it difficult to judge the
frequency of occurrence of events. At the same time, Viza was considered easier
to read due to icons being aggregated and their size reflecting occurrence and the
varying thickness of the lines assisting in perceiving main paths and divergences
from it. Concerns with respect to Viza were mostly voiced in regard to occlusions
of the level information caused by larger icons and the colored cells of the terri-
tory tessellation. These issues could be solved by allowing to tune icon sizes and
the opacity of icons and cells.
The accuracy1 of the aggregated visualization seems not to have been a major
source of concern. Both visualizations were rated very similarly and favorably (cf.
Figure 8). Participants also did not express much concern during the interviews
1 Accuracy refers to the participants perceived accuracy of the same data done through comparison
between the displayed visualizations. The visualizations examined in phase 3, all contains the
same data; however, the portrayal of that data differed
61
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– at least in light of the tasks for which the aggregated visualization was deemed
useful. Any form of aggregation goes in hand with a loss of detail to be able to
highlight patterns and general features. Consequently, Viza was mostly deemed
useful for identifying main issues (e.g., areas of struggle, major paths, comparing
expected to actual behavior). Besides, Viza was also considered useful to more
easily communicate identified issues to stakeholders which do not require exces-
sive detail (e.g., designers). Vizi, on the other hand, was preferred for getting
details and inspecting players individually, for example, to gauge difficulty. How-
ever, with increasing data the issue of clutter (already present in the dataset for
the studies visualizations) gets aggravated and will make it increasingly hard to
follow individual player traces. In this sense, aggregated visualization also scale
better to large datasets. In this case, the level of abstraction can be adjusted by
changing the parameters of the clustering and territory tessellation.
Participants found the data displayed to be informative, with Viza receiving
slightly higher ratings and comparatively more positive feedback. One pertinent
issue was that defiances in readability (e.g., clutter, occlusions) directly affected
how instructive the visualization is. Some participants also found individual player
traces not as informative as the aggregated ones but this is likely a matter of the
analysis goal as is the request of some subjects for more specific icons.
One important aspect in the design of Viza was that the analyst can see all
the gathered data in relation to the game environment. However, when asked
about clarity the interviews revealed that a major issue in terms of Viza was level
information (e.g., location of enemies) not being visible due to being obstructed
by large icons and color-coded cells. This resulted in a loss of context which is
essential to interpret behavior and to draw meaningful conclusions. This issue
could be remedied by specifically highlighting objects which are considered vital
for interpreting the data (e.g., power-ups).
Concerning the aesthetics of the visualization, Viza received considerably more
positive feedback than Vizi. Approximately two-thirds of the statements concern-
ing Viza were positive while only about one-third was positive for Vizi. This is
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also partly reflected in the ratings where Viza received more favorable scores, al-
though the differences were not statistically significant. From the statements it is
evident that subjects especially appreciated that information in Viza was clearly
differentiable and perceivable due to the contrast in color and aggregation. How-
ever, some subjects found it noisy in areas with many but minor cell transitions.
Ultimately, it is clear that each visualization has advantages and drawbacks.
In this regard, one point that repeatedly emerged during the interviews was to
make the visualization interactive to leverage the benefits of both. Some of the
suggestions included being able to select a line or a few lines to view just a selec-
tion, user-definable colors, and being able to toggle visibility of selected elements
such as turning off the arousal data in the aggregated visualization. In the present
study, the aim was to assess and to identify areas of improvement in the portrayal
of gameplay data and thus the visualization were kept static purposefully. How-
ever, the future goal is to use the insights gathered in this study to extend and
assess this approach for an interactive system to allow for an overview first, details
on demand [73] exploration process.
While a specific case study was used with specific data for each of the three ag-
gregation techniques described in Section 3.5.2 I would like to remark that these
are not confined to these particular data types. For example, instead of cluster-
ing video codings, in-game events such as casting a certain spell or teleporting to
another location could be represented with glyphs too. Automatically detected fa-
cial expressions could be another type of data which could be visualized with this
method. Similarly, the space tessellation approach could be used to visualize con-
tinuous variables other than GSR as well. For instance, health could be displayed
to get an overview of the average healthiness of player characters in relation to
their in-game position.
Due to the desire to visualize mixed playtesting data, a rather small dataset
(qualitative data is usually collected on a smaller scale than game telemetry) was
used to illustrate the studied visualization. It should be stressed, however, that
the algorithms employed also scale well to larger data sets. Additionally, since the
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visualizations are focusing on three frequently occurring kinds of data (movement,
discrete events, and player-related measures) the approach readily translates to
other games where gameplay is movement-driven and where the player controls
a single character, and thus not limited towards platformer games.
5.2 alternative designs
In the following, I discuss the results in light of the participants’ diverse back-
grounds, with respect to Fulton et al.’s [25] criteria GUR methods shou ld possess,
and reflect on the broader implications of using shading and transparency.
5.2.1 Role/Background of Participants
I first investigate how the game developers’ background had an impact on their
interpretation of the visual designs. To discuss this, I have grouped the partici-
pants into five participants who have a design-related background (P1, P2, P5, P7,
and P8), three with a technical background (P3, P4, and P9), and one data ana-
lyst (P6). The two participants who preferred constant opacity had both a design
background (P1 and P7) and appeared to prioritize the readability of the GSR
data where P1’s reasoning was that it makes the extraction of GSR data easier. P7
felt that using variable transparency for the colored tessellation makes the inter-
pretation challenging. The rest of the designers and the data analyst all preferred
variable opacity due to their prioritization of readability in terms of extracting
frequency of player traversal and preferring getting an at-a-glance summary. The
technical developers who also favored variable opacity seemed to go a step fur-
ther, with P3 highlighting how variable opacity can dictate the importance of
arousal information based on how many players are affected and thus supports
decision making. However, P9 suggested to make the opacity property interactive
to allow to alternate between focusing on player majority or outlier data. This
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suggests that designers and data analysts focused on effective readability when
interpreting the visual designs while the participants with a technical background
wanted to extract how severe the data is based on the amount of players affected
and to understand the reasons behind outlier behavior. Additionally, it is inter-
esting to note that the participants who preferred constant opacity had similar
rankings of the most preferred visual designs: VDC-F being ranked first, followed
by VDV-F.
Regarding smooth and flat shading, there were no pronounced differences.
One participant with a design background (P2) and one with a technical back-
ground (P4) felt indifferent about which shading their preferred. All others were
in favor of flat shading. Interestingly, participants had similar concerns towards
the accuracy of smooth shading regardless of their roles.
5.2.2 GUR Characteristics
To discuss the effectiveness of each of the four visual designs, I have viewed the
results under the lens of a subset of Fulton et al.’s [25] criteria for evaluating
the effectiveness of applied research methods in GUR. I omitted cost effectiveness
and the criterion of being representative – i.e., is the phenomenon being tested a
phenomenon of interest – as I did not evaluate this aspect in the study. This left
five criteria, which are partly captured directly with the quality measures I used
to assess the visual design (e.g., accurateness). Others are not directly measured
such as Fulton et al.’s criterion of offering timely results but, for instance, the
quality measure of readability can be considered to fall within it. As such, the
quality measures particularly targeted towards visualizations capture these broad
criteria of interest in GUR while at the same time also measuring specific aspects
of visualizations (e.g., aesthetics).
accurateness All four visual designs use multiple sources of data (physio-
logical, observational, and movement data) to provide context to each other and
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a more holistic view of player behavior. Based on the results of the study, partici-
pants found VDV-F to be the most accurate in terms of representing the data while
the use of smooth shading (present in VDV-S and VDC-S) affected the perception
of accuracy.
specificness This criteria expresses the importance of delivering precise re-
sults. All visual designs indicated the locations of high and low arousal areas on
the map, thus helping pinpoint problematic areas. Based on the results, partic-
ipants found VDV-F and VDC-F most informative of the specific intensity of the
arousal data with relation to where they occurred at and the number of affected
players. Additionally, VDC-F allowed for the precise portrayal of outlier arousal
data which helps to investigate possible reasons for the deviation. VDC-S was
the only design to receive concerns regarding ambiguity of where the GSR data
specifically occurred due to the smooth shading.
timeliness Visual design can facilitate analysis in a timely fashion by mak-
ing it easy to extract information and a quick summary of the most pertinent
issues by using aggregation to portray large amounts of player data. Addition-
ally, the results highlighted how VDV-F and VDV-S (visualizations with variable
transparency) were useful for gaining a quick overview, probably due to the trans-
parency providing an additional hint by accentuating highly frequented areas and
de-emphasizing less traversed parts of the level.
actionable Delivery of actionable and applicable results is important for
prioritizing design changes that need to be made. Participants have expressed how
using variable opacity such as in VDV-F and VDV-S supports locating important
areas to focus on. The results further highlight how smooth shading and lack
of variable opacity confused participants on how important areas are. Variable
transparency makes it easier to locate areas of interest which should be focused
on. Additionally, the results showcase how participants relied on GSR data when
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making design interpretations regarding players experience, pacing, and context.
Both VDC-F and VDC-S were referenced as useful visualizations for portraying
GSR data as the constant opacity allows for the GSR data to be the focal point.
Using a constant opacity also presumably makes it easier to compare values, as
the colors are not affected by different alpha levels.
motivational This criterion considers how the presented results should mo-
tivate designers to make necessary changes by understanding and believing in the
data. By having the visualizations depict more than one source of data the corre-
lation of data with one another can increase confidence and act as a catalyst for
administering design changes. Based on the results, participants found that the
smooth shading and lack of context on how it was implemented (as described in
the quote from P6 above) negatively affects the perception of accuracy in biomet-
ric/continuous data. This highlights the importance of context in order for users
to believe and have confidence in the results.
5.2.3 Benefits and Limitations of the Visual Designs
The results of the study indicate how visual design impacts – either positively
or negatively – the interpretation of the visualized data. Thus, choosing the right
visual representation for a given visualization requires careful consideration of the
associated limitations. Table 5 offers a summary of the benefits and limitations
of the investigated visual properties. Based on the results, I reflect on multiple
implications of visual design which, in turn, can serve as useful guidelines for the
design of in-game data visualizations in general.
maintaining data accuracy Based on the results, the design had an im-
pact on the perception of data accuracy. VDV-F was especially well-received in
terms of facilitating accurate data interpretation. However, the results showcased
that while smooth shading found in VDV-S and VDC-S was aesthetically pleas-
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Visual Property Benefits & Limitations
Shading Smooth + aesthetically pleasing + gives a sense of progression/fluidity +
gives a feel about pacing based on how fast the gradient changes + helps
to investigate outlier data - lower accuracy perception due to muddi-
ness - harder to extract high/low values - may feel uninformative of
new information - makes it harder to locate focal points
Flat + helps to investigate outlier data by having data appear vibrant + better
readability of high/low levels - progression is harder to discern
Opacity Variable + useful to highlight/extract continuous data + helps to accurately
spatialize continuous data + supports readability of frequency and inten-
sity + provides an at-a-glance summary + helps to locate focal/im-
portant areas - feel of loss of information when combined with smooth
shading - affects readability
Constant + enhances readability + allows continuous data to be the focus +
helps to detect outlier data + makes it easier to compare values - can
cause confusion about the location of focal points
Table 5: Summary of the benefits and limitations of the two investigated visual properties
shading and transparency.
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ing, it posed a concern regarding data accuracy. This is an interesting finding as
the interpolation would actually better reflect the continuous nature of the GSR
data. For example, participants commented on how the outermost colour-coded
cells seemed to veer towards white which is reflective of the algorithm used, and
thus, it is important to re-consider for future visualizations to avoid the issue
with accuracy perception. Some of the confusion was due to the participants not
fully understanding the implementation of the interpolation (which could be ad-
dressed through more context) and how there was a lack of clarity in accurately
spatializing biometric data on the map (smooth shading introduces ambiguity in
the location of where changes in the GSR values occur). Additionally, variable
opacity seemed to have an influence on the interpretation of accuracy by intro-
ducing a ’washed out’ effect in areas with large transparency (low activity areas).
In summary, transparency and especially the shading affected the perception of
data accuracy.
quick overview of the data Being able to interpret the data in a timely
fashion is important when development requires fast iterative changes. VDV-F
and VDV-S were noted by participants to be useful for providing an at-a-glance
summary due to the use of variable opacity which allowed them to quickly
perceive areas of high and low player activity.
investigation of outliers Outliers can constitute an important source of
information when evaluating player behavior. The results showcased how VDC-F
can be useful for analyzing player deviation from the majority. However, the re-
sults also indicate how variable opacity can increase readability by pointing to
regions where outliers traversed.
portrayal of biometric/continuous data Effective communication
of biometric data is important since it is a good indicator of players’ cognitive
and emotional state [45]. The results highlighted how through constant opacity,
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the continuous GSR data was allowed to be the focal point as all areas have the
same brightness (i.e., not affected by the transparency). It is also worthy to note
that although the smooth shading better reflects continuous changes, it was dis-
favored by the participants. Participants stated that the interpolation of the data
in the smooth shaded variants (VDV-S and VDC-S) resulted in a loss of clarity.
It should be noted that while I focused on GSR data, these results are likely to
directly apply to other types of continuous data (e.g., health) as well since these
can be represented in the same way.
multiple layers of information An important consideration when rep-
resenting data through a visualization is achieving high readability. Participants
expressed concerns on how layering information (e.g., utilizing color-coding to
display GSR data and superimposing it on the background map using trans-
parency) can impede readability of the visualization, in this case, VDV-F and
VDV-S which both featured variable transparency.
clarity of design elements The information that is conveyed by the vi-
sual design needs to be clearly articulated. For example, multiple participants
indicated how they were unsure as to what the purpose of the smooth shading
is, which in turn resulted in participants feeling that no new information was
derivable from the visualization. This is also reflected in how VDV-S and VDC-S
(designs with smooth shading) received more negative statements (and lower rat-
ings) towards informativeness. Therefore, having a clear indication as to how a
visual property contributes to the data representation or is informative impacts
the usefulness of the visualization. Moreover, a clear explanation of the conveyed
data also assists in obtaining actionable results (as covered by the GUR criteria
discussed above).
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5.2.4 Limitations and Future Work
From a methodological point of view, an alternative way of assessing the visual-
izations would be to embed them directly within the design process by posing
predefined tasks or analysis goals. Using predefined tasks would increase compa-
rability across participants and would ground and contextualize the assessment
of the visualizations with respect to these goals. While initially a task-based eval-
uation was considered for the third phase pf the study, I decided to not use pre-
defined tasks for two main reasons. First, I wanted to reflect a common practice
in game development were usually developers receive a playtesting report (incl.
visualizations) which they then need to interpret autonomously to adjust their de-
sign decisions. Secondly, the participants had different roles and backgrounds and
thus I tried to avoid to steer them into certain directions. Moreover, the expertise
of the participants ensured that they had the proper experience with evaluating
playtesting data to formulate their own goals. Besides, with Infinite Mario, it’s a
highly popular and familiar game which also helped to formulate own analysis
goals. Having said that, subsequent studies focusing on specific tasks will help
to further study visual design aspects. Future work could also look into using
artificial intelligence for generating alternative designs that can be tailored based
on developer roles and automatic detection of key events. Since the focus was
on studying visual design aspects and how interpretability of the data is affected
by the visual representation, I believe the results extend readily beyond platform
games. Future work may, however, explore the impact of further visual properties
on interpretability and effectiveness of gameplay visualizations.
5.3 contributions
Given the current direction in GUR towards utilizing big datasets and the need
for aggregated visualization for this purpose, the thesis makes the following im-
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portant contributions: The first contribution of this thesis is to provide an under-
standing and a supporting argument in when aggregated or non-aggregated vi-
sualizations are most appropriate to use. This is an important contribution to the
fields of Games User Research and Human-Computer Interaction given the cur-
rent move towards data-driven decision making [18] and popularity of interactive
data visualization [74]. The second contribution is a discussion on the importance
of visual design, how different designs of one part of a visualization may affect
the readability of the whole, and the advantages and limitations of four visual
design alternatives of aggregated visualization.
5.4 conclusion
This thesis presented a study that provides support for employing aggregated
visualization techniques to provide game developers with actionable insights as
they will yield higher readability and a more efficient overview of the collected
playtesting data. A successful visualization approach would utilize both aggre-
gated and non-aggregated techniques as game developers, depending on their
role, require different levels of abstraction. For example, a level designer may ben-
efit from non-aggregated data to fix a specific issue in a level, whereas a creative
director may take advantage from a high-level visualization to quickly identify
levels that require design review. Visualization techniques are crucial to make
comparisons between design intent and players actual experience data as concise
as possible.
Visualizations have the potential to change the face of GUR because they are, if
properly designed, quick and easy to understand and are capable of visualizing
complex player data to produce an accurate, specific, actionable, and motivational
representation of user test findings suitable for the GUR process. However, visu-
alizations can only realize their full potential if the visual design is appropriate
and facilitates the analysis of data while at the same time avoiding misinterpreta-
tions. Since GUR continues adjusting HCI techniques for the entertainment sphere,
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this work advances the discussion by addressing how alternative visual designs
inform designers and, in turn, make a different impact on the design process. The
results show how changing visual properties such as transparency and shading
of colored map-overlays affects interpretation of the data and facilitate different
tasks. I showed how the different investigated versions of the visual properties in-
fluence the effectiveness of the whole visualization with respect to important GUR
criteria. Moreover, game developers had different preferences about the visual de-
sign depending on their role. Based on the results I have summarized the benefits
and limitations of the different variants which can serve as practical guidelines
for the design of gameplay data visualizations. Moreover, the findings also show
that the impact visual design choices can exert is multidimensional and should
not be viewed in isolation. As such, further work is needed to gain a broader un-
derstanding of the implications of design choices and to establish best practices
for GUR visualization design.
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
Part IV
A P P E N D I X
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
A
A P P E N D I X A : S T U D Y M AT E R I A L
a.1 full study plan and interview structure
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 Interview Schedule for visualization study 
Semi- structured Interview Plan 
 
The study will be conducted online where we will be using Realtimeboard.com, an online collaboration tool, 
for participant to access the visualizations. The tool allows for easy access through a link (no account required) 
and the participant can zoom and move around the board easily.  
 
Boards 
5 boards are setup for each stage of the study and to differentiate between the levels which are described 
below: 
 
Board 1: “Visualization 1 – Individual (level 7)” 
The board includes the individual visualization, the description for the individual visualization, and the legend 
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Board 2: “Visualization 1 – Individual (level 5)” 
The board includes the individual visualization, the description for the individual visualization, and the legend 





Board 3: “Visualization 2 – Aggregated (level 7)” 
The board includes the flat + alpha visualization, the description for the aggregated visualization, and the 
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Board 2: “Visualization 2 – Aggregated (level 5)” 
The board includes the flat + alpha visualization, the description for the aggregated visualization, and the 





Board 5: “Visualization 3 – All aggregated” 
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Visualizations 
 
The visualizations:  
Title Description 
Visualization A 
Individual Visualization for level 5 
Individual Visualization for level 7 
Visualization B 
Aggregated (flat + alpha) for level 5 
Aggregated (flat + alpha) for level 7 * 
Visualization C Aggregated (shaded + alpha) for level 7 
Visualization D Aggregated (flat + no-alpha) for level 7 
Visualization E Aggregated (shaded + no-alpha) for level 7 
*chosen visualization for stage 3 (all aggregated) 
 
 
Conditions for Stage 2:  
a b c d 
Level 5 Individual Level 5 Aggregated Level 7 Individual Level 7 Aggregated 
• Alternate between the two levels 
o If level 5 gets shown first, then level 7 is shown second. 
• Alternate between the two visualization styles 




 First Second 
Option 1 a d 
Option 2 b c 
Option 3 c b 
Option 4 d a 
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Rating 
Rating of Experience with visualization scale: 
Rated on 5-point scale anchored by level of familiarity.  
• Not at all familiar ((You have not seen a visualization before) 
• Slightly familiar 
• Moderately familiar 
• Very familiar 
• Extremely familiar (You have worked with visualizations before) 
 
Rating of Visualization scale: 
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The Study 
Study question: What is the most effective visualization. 
The participants will be contacted through Skype for the interview and for running the study. They will 
receive the consent form ahead of time to have a read through and to sign before starting the study. 
The study will be recorded using Open Broadcast Software (OBS) for future reviewing. 
 
Stage 1: Introduction questions 
1. Tell us more about your game dev experience (how many years, how many projects, your role)    
2. Have you done user tests on any of your games before? Which kind of user test did you use? Or have you 
seen/given a user test report? 
3. What were you hoping to get from the report? Was it delivered? 
4. Who wrote the report and conducted user testing? Internal, publisher, external? 
5. What was the form of the report? (video, text, presentation, online tool, internal tool, etc.) 
6. What are the desires of game designers for a user testing report? What do you want to see in there? What 
do you need feedback on the most? 
 




7. Do you have experience with analyzing user path data? (+ rating on a 5-point scale for level of familiarity) 
8. Have you used these visualization tools before? (multi select with option to add other)  
- Excel, Gephi, Google Analytics, Google Forms visualizations, Tableau, other. 
Stage 2: Exploring aggregated and individual visualizations 
Ask the participant to share screens with you and have them open up the provided visualization link.  
1. Provide participants with 1 of the 2 visualizations and alternate between which visualization gets displayed 
first and which level gets displayed first and shown in the counterbalance table.  
2. Once participants open up the link, explain to them that they can use their mouse to zoom in on the 
visualizations and can hold the middle mouse button to move around. There is also a menu to the bottom 
right that provides them with icons to move around or zoom in as well. 
3. Let them have a read through the provided brief. 
4. Ask them to navigate back to the google form and do the pre-session rating for the first visualization.  
5. Provide them with the second link of the visualization and have them go through the same process. 
6. Ask them to navigate back to the google form and do the pre-session rating for the second visualization.  
7. Discussion 
Example of some possible questions to guide the discussion: 
1. What are these visualizations trying to communicate? (First impression) 
2. What can you infer from the visualization? 
3. Imagine you are working on a platformer game like this. Is there anything interesting you see in 
the visualizations? 
4. Can you use these visualizations to get a sense of what needs to be done? And how to fix it? 
5. Ask them to point out some game/level design issues they think are more important to fix, and 
why? 
Tasks: 
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- Do you get a sense of where players may have gotten high levels of frustration? 
- Do you see where players may have died? 
- Do you see where players had trouble making a jump? 
- Do you see where players may have ignored powerups? 
- Do you see where players may have diverted from the majority path? 
6. Do you use these types of data in your game development? Or have you seen something similar 
to these before? 
7. Thinking of your current game dev project, how can this visualization help? (how the data could 
be visualized in their game) 
8. Which visualization do you prefer and why (name what you liked and what you didn’t like about 
each visualization)? 
9. Can you think of any ways that the visualizations could be improved? Why do you feel these 
changes would improve the quality of data? 
10. Is there any sort of data that is missing from the visualizations? Any redundant data that needs to 
not be present?  
11. Which version of the visualizations, in their current state, would they prefer to use? Why have 
they chosen that one above the other? 
12. What did you think of the aesthetics of the visualizations? (Find out about the appeal)  
 
7. Rating post-session (once for each visualization) 
Stage 3: Explore different aggregated ones. 
Share the third visualization link with them that displays the 4 types of aggregated visualizations  
(flat + alpha, shaded + alpha, flat + no-alpha, shaded + no-alpha)  
 
1. Discussion 
Example of some possible questions to guide the discussion: 
1. What differences do you notice between the 4 visualizations? 
2. Explain or identify some of those differences. 
3. Do you prefer visualizations with no transparency or with transparency (i.e. Viz B)? 
4. Do you prefer visualizations with shading or no shading? 
2. Have participant navigate to the google form to perform their rating of each aggregated visualization 
(rating of visualization B is excluded since it was rated in previous stage) 
3. Discussion (record values while they answer) 
1. Which visualization do you most prefer and why? 
2. Which visualization would you rank second and why? (Ask the same question for rank 3rd and    
rank last) 
4. Have the participant navigate back to the google form to rate their experience with data visualization 
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AGGREGATED VISUALIZATION EXPLANATION 
 
You will be given a visualization to view which contains playtesting data from multiple participants that were collected 
and visualized. During the playtesting session, participants were able to follow the think-aloud protocol allowing them 
to make comments while they played the game. In addition, participants’ Galvanic Skin Response (GSR) values were 
recorded to measure their level of arousal. The playtesting session was video recorded and was followed by a post 
session interview. A coder analyzed the recorded video and transcribed the comments made by the players and coded 
observations of the player behavior. The following elements listed below will be represented in the visualization you 
will be given. 
1. LINES 
The blue lines demonstrate the players’ movement throughout the level and the thickness 
of the blue line depicts the number of times the same section was taken by the players. 
The thicker the line, the more often the area was passed through. 
 
2. COLOUR OF GEOMETRIC AREA 
The geometric areas surrounding the lines are color-coded based on the player’s arousal state. Red represents high 
arousal while yellow represents low arousal. The transparency of the areas is affected by the number of player 
traversals in that area. 




The colored text boxes display comments from the player’s think-aloud. The white icons contain observations made 
by the coder of the recorded video and the size of the icon reflects the number of how often that particular code 
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INDIVIDUAL VISUALIZATION EXPLANATION 
 
You will be given a visualization to view which contains playtesting data from multiple participants that were collected 
and visualized. During the playtesting session, participants were able to follow the think-aloud protocol allowing them 
to make comments while they played the game. In addition, participants’ Galvanic Skin Response (GSR) values were 
recorded to measure their level of arousal. The playtesting session was video recorded and was followed by a post 
session interview. A coder analyzed the recorded video and transcribed the comments made by the players and coded 
observations of the player behavior. The following elements listed below will be represented in the visualization you 
will be given. 
 
1. LINES 
Each colored line displayed demonstrates the player’s movement throughout the level.  
 
2. COLOUR OF LINES 
The lines are color-coded based on the player’s arousal state. Red represents high arousal while yellow represents 
low arousal.  




The colored text boxes display comments from the player’s think-aloud. The white icons contain observations made 
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Overview of used icons (show video codings/annotations) 
 
 












goes back for enemies 
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a.3 visualization study survey





1. Do you have experience with analyzing user path data?
Mark only one oval per row.
1 (Not at all familiar) You have
not seen a visualization before 2 3 4





2. Have you used these visualization tools before?




 Google Forms Vizualization
 Tableau
 Other: 
Continue with the study
Please wait until the study conductor has instructed you to continue with the survey.
Pre-session rating
Stage 2
3. What is the visualization you are viewing?
Mark only one oval.
 Visualization A (individual)
 Visualization B (flat + alpha)
4. Please rate your initial experience with the first visualization
Mark only one oval per row.
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7/15/2019 Pre-session rating
https://docs.google.com/forms/d/1q58DDTfXIAM9-tfzYokzZl4EK_1e0bIKlPAZ3xvujEQ/edit 2/7
Continue with the study
Please wait until the study conductor has instructed you to continue with the survey.
Pre-session rating
Stage 2
5. What is the visualization you are viewing?
Mark only one oval.
 Visualization A (individual)
 Visualization B (aggregated)
6. Please rate your initial experience with the second visualization
Mark only one oval per row.








Continue with the Study
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7/15/2019 Pre-session rating
https://docs.google.com/forms/d/1q58DDTfXIAM9-tfzYokzZl4EK_1e0bIKlPAZ3xvujEQ/edit 3/7
7. What is the visualization you are rating?
Mark only one oval.
 Visualization A (individual)
 Visualization B (aggregated)
8. Please rate your post experience with the first visualization
Mark only one oval per row.
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7/15/2019 Pre-session rating
https://docs.google.com/forms/d/1q58DDTfXIAM9-tfzYokzZl4EK_1e0bIKlPAZ3xvujEQ/edit 4/7
9. What is the visualization you are rating?
Mark only one oval.
 Visualization A (individual)
 Visualization B (aggregated)
10. Please rate your post experience with the second visualization
Mark only one oval per row.








Continue with the study
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7/15/2019 Pre-session rating
https://docs.google.com/forms/d/1q58DDTfXIAM9-tfzYokzZl4EK_1e0bIKlPAZ3xvujEQ/edit 5/7
11. Please rate your initial experience with visualization C (shaded + alpha)
Mark only one oval per row.
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7/15/2019 Pre-session rating
https://docs.google.com/forms/d/1q58DDTfXIAM9-tfzYokzZl4EK_1e0bIKlPAZ3xvujEQ/edit 6/7
12. Please rate your initial experience with visualization D (flat + no-alpha)
Mark only one oval per row.










13. Please rate your initial experience with visualization E (shaded + no-alpha)
Mark only one oval per row.








Continue with the study
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14. Please rate your visualization experience
Mark only one oval per row.
1 (Not at all familiar) You have
not seen a visualization before 2 3 4
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B
A P P E N D I X B : V I S U A L I Z AT I O N S
b.1 visualizations used in phase 2
Figure 10: Individual Visualization - Level 5
Figure 11: Individual Visualization - Level 7
Figure 12: Aggregate Visualization - Level 5 (Viza)
Figure 13: Aggregate Visualization - Level 7 (Viza & VDV-F)
95
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
B.2 visualizations used in phase 3 96
b.2 visualizations used in phase 3
Figure 14: Aggregate Visualization - Smooth Shading with Variable Transparency (VDV-S)
Figure 15: Aggregate Visualization - Flat Shading with Constant Transparency (VDC-F)
Figure 16: Aggregate Visualization - Smooth Shading with Constant Transparency
(VDC-S)
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C
A P P E N D I X C : T R A N S C R I P T S
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>>>STAGE 2 DISCUSSION BEGINS<<<
#00:22:28.4#
I: So we can talk about them now. So my first question is in your opinion what 
are these visualizations trying to communicate?
#00:22:37.5#
P2: It looks like the amoutn of paths it tooks for one player to complete a 
level. 
I: One player or multiple?
P2: I'm hoping it's one player. But based on the fact of their interviewed 
comment. I'm assuming it's one player.
I: Okay, I think it's actually multiple players. 
P2: Oh okay.
I: I will double check the document then cause I might have mentioned it in 
the explanation.
P2: Oh yeah yeah, multiple participants [viewing the explanation]
I: Yes, okay. No that's good. It's good to know your first impression.
I: So what can you infer from the visualizations? What is it trying to 
communicate to you?
P2: Basically, it provides a little bit more information than a heat map.
I: And we can discuss both visualizations at the same time.
P2: Okay, so most visualizations- Well I mean they're both trying to show the 
player's path going through the level. And I guess there's alot more emphasis 
on kind of where they're tagging their behaviour using these icons to 
annotate them aswell.
I: So Imagine you are working on a platformer game like this. Is there anythign 
interesting you see in these visualizations that could be useful?
P2: Yeah I mean there's a lot of useful information in here like tagging these 
events, showing when people are dying, coloring the lines appropriately 
based on arousal, also like adding interview comments on the actual map like 
when it happened and describing their behaviour is cool.
I: Are you able to use these visualizations to get a sense of what needs to be 
done and how to fix level design issues?
P2: I would say yes. However, there is too much information here to kind of 
make a specific informed decision [Viewing VIZ A].
I: In the individual one- the single lines? or talking about both?
P2: I mean this one is clear [refering to VIZ B]- I'm not sure if there's also 
[unintelligible]- multiple participants I believe, yeah, both of them are 
multiple participants I guess. Yeah I guess the issue is, when aggregating is 
nice, But also havign the abiliy to kind of like have a filter like this is the first 
person play through and this is a second players's playthrough.
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P2: [Viewing VIZ B] Yeah there should be an interactive- like looking at this at 
face value is nice. It's kind of like a good overview of what this visualization 
could do, but to make a any meaningful decision out of this, I need filters. And 
I need to be able to look at data in more context.
I: Okay.
P2: [refering to VIZ B] It's nice to see that 17 people kind of failed here or 
maybe 17 times you saw someone struggle here. Also the size of these icons 
are growing with their prevelances which is also nice. So that way you could 
look at the level and see that alot of people went back to get coins here. So I 
think that's pretty good if you've aggregated it to show that this is the overall 
kindof areas where you might want to look at in terms of level design. And I 
think that's what's really good about this [Refering to Viz B]. But I would also 
like to color code some things as well because sometimes people are like 
rushing through it. 
I: what do you mean by color code?
P2: Like there are some things like where people are for example are being 
careful..[refering to icons] versus when people are struggling- trouble making 
jump. Like trouble making jump (the icon) is one of those ones where i would 
want to highlight it in red or something casue as a level designer i woudl want 
to be pulling up those ones where that information is relavent but it adds 
more noise than anything (talking about the icons).
I: Okay, awesome. Im gonna ask you to point out some issues. Basically im 
gonan give you some tasks and see if you are able to get an idea if that's 
occuring in the visualization or not.
I: so the first one is do you get a sense of where players may have gotten high 
levels of frustrtation. And If you can't find that area, that's fine.
P2: In any of the visualizations?
I: Yeah, both.
P2: Well heres one [Viewing VIZ B] because it's cubed(did he mean huge?) 
and an icon of trouble making jumps [check image right below]. 
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P2: And I guess here[check image right below] cause of alot of people 
struggled making a jump cause its the the largest one on this. And I guess if 
you are considering when people are backtracking to get coins [refering to 
when there's a "go back for coins" icon]. If you consider that an issue that 
may or may not be an issue you would want to include. 
P2: But with this one is a little bit harder [viz a] it's not including the size and 
also the frequency of some of these actions. so seeing where people are 
struggling on this is a little bit harder. It could take a little bit more effort to 
kind of look into where peopel are struggling. Aside from looking where 
people are dying and the paths falls off so you coudl tell that people are dying 
here. [refers to the lines falling off the map]
I: Do you find the GSR Values helpful?
P2: Not entirely..., I mean.. It's helpful in some ways. Like here [refering to the 
visualization] it's higher because you are near an enemy. But it's data that is 
nice to have, but it's one of those things that I may want to filter out. For 
example, if I wanted to know which was the key aspects of a level and if I 
have an enemy there, that would help me validate it. It's good information to 
have (refering to GSR), but it would also be nice to filter that out and see the 
lines with one color as well If I wanted to just focus on that. 
P2:  The arousal it's a good addition, but again like Biometric data is so rarely 
used in the industry, so it's hard trying to convince everybody about what it is 
and what it does.
I: That's true.
I: Okay, second task. do you see were players may have died.
P2: Yeah, I mean in this one its kind of clear because the line falls off [Refering 
to VIZ A]. Here it's a little bit harder to see. [refering to VIZ B] Cause there are 
some lines that are falling off but im assuming based on some of the issues- 
theres no death icon.
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P2: Yeah death icon would defnitely have been useful. I mean if there is death 
in the level. and people are struggling and having an icon where people have 
died would also be nice to see.
I: Awesome.
I: So do you see where players may have had trouble making a jump.
Yeah that one is definitely very clear [refering to VIZ B] based on the fact that 
there's an icon for it and in visualization B you can see based on the size of 
the icon and theres a number indicating how frequent it is. and in 
visualization A you can kind see the icons aswell although they are a little bit 
smaller.
I: Do you see where players may have ignored powerups?
P2: Yeah, you do have an icon for that. Yeah they ignore powersup there... 
[viewing VIZ A] 
I: What about in the aggregated aswell?
P2: Yeah you can. it is much easier to see it over there [refers to VIZ B] 
because of the size and frequency.
I: And do you see where players may have diverted from the majority path?
P2: Yeah im assuming that the thick path is where the majority of people are 
going and thin ones are where the people rarely visits thats a clear indication 
that this is a main path and an easier one and this is a secondary path [refers 
to the thinner line] based on the thickness of the line in this visualization. 
[refering to VIZ B]
 P2: For this one [Refering to VIZ A] you could just tell based on the frequency 
of multiple paths. Based on here [check the image below] there's a lot more 
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I: Awesome. So I will continue with some more discussion questions now. 
I: So do you use these types of data in your game development? Or have you 
used something similar to these before?
P2: I have seen something of this before. It's atleast on some of the games 
I've worked on previously. It's just- for Brookbrall (game he worked on) it 
was- what we wanted was to get in a bare bones telemetry system that we 
got in pretty quickly before our playtest so something of this caliber wasn't 
going to be useful and then for ubisoft they have someone whose full time 
job is to look through delta DNA and get this data out from their own 
telemetry system. That's purely because rainbow six is such a heavy game in 
terms of telemtry and what they are tracking that they need someone who 
has like a kind of heavy data analytics background cause there's so much data  
in terms of who is getting like the operator, what weapon they are using, 
what skills they have, where it was on the map, so many indistructables and 
so many kind of events that happen within the game so it's kind of necessary 
for that. 
I: How can these visualizations help in a project like that? 
P2: I'm sure they have there own tools that are built into their engine that 
kinda does something similar to this but on a 3D scale kind of thing. So and 
again it's kind of very focused we wouldnt just give- like its kind of like we 
gather this data for every playtest and every player that we get and have, and 
in order for someone to dive into this visualization they need to have a pretty 
focused idea on what they are doing . Like for exmaple, if we are running a 
user test and we want to find out which are the most fun defensive operators 
to play then they will put out the defensive operator and they would look at a 
bunch of data aligned to that and kinda figure out what the focus of the 
question is. On the qauntitative side, it's really kind of focused on narrowing 
down the quesiton so you can get a very focused answer so alot of the time 
it's more or so going back to the person who requested the data and getting a 
more specific opinion about what they are looking for.
I: So which visualization do you prefer and why? You can name what you liked 
or didn't like about each visualization.
P2: I mean they both have some pros and cons. I mean visualization B is nice 
because it shows the most traveled path pretty clearly and the prevalence of 
issues pretty well; however, the way of representing arousal is a little bit- i 
would say is less effective.
I: why? 
P2: It just adds a little bit too much noise [Viewing VIZ B] and it's not 
something i'm really focusing on right now and if im looking at this, I care 
more about the errors and the arousal jut adds a little bit of additional info. I 
mean it's nice to have. It's somethign like if it's not there i would ask for it and 
if it's there i would ask for it to be filtered out.
I: Okay. What about the individual visualization? So the one with single lines.
P2: This one is a little bit clearer to see, however again because we are not 
aggregating the individual icons it's a little bit harder to figure out where 
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which paths they took throughout the level and again where they died. 
[Refering to VIZ A]
I:Awesome.
P2: So I would say visualization A is for kind of seeing the clear path and 
visualization B is kind of better of summarizing where some of these issues 
are.
I: So could you think of any ways that the visualizations could be improved? 
and why do you feel these changes would imporve the quality of the data?
P2: Well, I mean alot of the stuff that we deal with now in terms of analytics 
has alot of filtering and that kind of stuff. So being able to filter out some of 
these views and see one players data and then see players of similar play 
types and everyone who failed the level at once and everyone who beat the 
level in one go and kind of being able to see seeing that kind of data at once 
and again you need more context to this. If you just give me a picture and say 
there is a bunch of lines that I know nothing about the players then it's very 
hard for me to convice a design team. Because at the end of the day if im 
gonna use this data to convice someone about it i need to know alot about 
the actual- where the data is coming from. And again if there is any doubt in a 
designers mind at all, and there is that one player that died basically that 
once, then they will be able to chalk it up to and say 90% of players finished 
that level so that issue is not that prevalent. In order to really convice people 
of issues and that stuff you need to have more context and you need to have 
a better idea of how they failed and who is failing and also why they are 
failing and being able to actually answer those questions with telemetry 
would be kind of ideal cause atleast in my experience when you are wokring 
on this kind of stuff: on a bigger team you have multiple people doing smaller 
jobs so they kind of need to work in tandem and on a smaller team its kind of 
its- you probably dont have time to use these tools anyways because you are 
a smaller team so you are probably doing alot of the work by yourself and to 
kind of do this data in addition to what you have would be a little bit 
challenging.
I: So you mentioned giving the data to developers to work with, but you want 
to make it count or- what's the word- like they are not going to do any 
changes if it's just one person. You mentioned like having -if a bug or an issue 
is happening to multiple people, then they will take the issue into 
consideration, but was there any- you talked about understanding the 
context, so could you describe that some more.
P2: Okay, it could be like for example, so right now im looking at is this 
visualization [viewing VIZ A] but i don't know how many player data this is, I 
don't know who this if this is from a playtest we ran two weeks ago or this is 
from a playtest we ran today. we don't know the participant so we need to 
know a little but on the context and be able to associate these data curves to 
something- to have atleast some information about them. So being able to 
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I: i see. okay.
P2: and then being able to actually like see each individual player and 
aggregateing it- right now i guess the arousal is something nice but i would 
rather have 5 different colored lines of different players or 6 according to the 
user tests or something like that. and i think that would be a little bit more 
insightful cause then i could really tell that this player was really very slow and
this player was running through this very fast and this is why they died. and it 
was necessarily a fault of the level design but it was just them wanting to run 
through the level or something and they couldnt self correct their path cause 
they were going too fast. and then they realize that so all this factors will kind 
of help inform a decision and again its not as easy to inform a decision on 
bigger teams cause theres alot more people and alot more stakeholders and 
in order to make that distinction you need to be clear specific and consise 
I: yeah
P2: So being able to have a tool that can allow you to be as clear specific and 
consice as possible and having filters and that kind of stuff and providing 
enough context to the data as you can
I: Awesome im sorry im aslo writing down notes about this
P2: No worries
I: Okay so you talked a bit about what kind of data is missing from the 
visualization but is there any redundant data that you think shouldn't be 
there? 
P2: i mean you would have to get- in order for these icons to be effective you 
would have to work with the designers to say okay these are some of the 
things we want to know. For example, trying to go down a pipe that's nice for 
usability testing, if we're tryign to look through usability issues to see which 
pipes are people trying to go to but if we're kind of focusing on confusion 
then i would rather just see confusion trouble making jumps and maybe 
ignoring powerups and stuff (talking about icons). And those things would be 
the ones I would like to see. And also like for example, having these icons 
being able to be filtered would be nice because maybe i don't really care 
abotu seeing people building up speed or racing forward or being careful 
cause that just maybe part of their play style maybe i care more about 
somethign liek for exampel confusion trouble makign a jump and where 
people died. I think having a death icon is pretty important for sure. 
I: Okay awesome. So which version of the visualizations in their current state 
would you prefer to use?
P2: I mean again it's very focused- it depends on the use case, right? for 
example, if i'm looking specifically for how many people could get to the end 
of the level without dying the most then I would probably say then 
visualisation A is nice because you can easily see the paths and see when 
people are dying. And also visualisation B kind of aggregates them nicely but 
it also doesn't show the paths as idealy as I think visalisation A does. There is 
just the information i really get from visualisation B is kinda these big icons 
and the paths are nice but i don't necessarily feel like that information seems 
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you can kind of tell based on the number of paths how many begin and how 
many people made it there. And then again having the filter depends on 
highlighting those individual paths with some color would be nice. i mean like 
GSR data is nice but for us to actually utilize a GSR sensor in a playtest or 
anything or to be able to have anyone who knows how to use it also and 
setting it up is probably unlikely so the arousal information is probably the 
least important unless i hear specifically hiring a biometric lab to look at this 
and you want to highlight some of these aspects. I feel like in terms of color 
coding stuff the color coded bit should be focused on really contexual 
information like the players and highlighting red like issues and green for 
things that people really enjoyed that way you could really be specific and 
concise.  
I: I see. 
p2: And if you are going to run a research study about this and write a paper 
at CHI then this would be nice information to have that how when people 
approach scary places their arousal rises and at the end of the day  if we are 
working at a studio we're working on the business. and if we are working on 
the business we need to fiugure out how to get pretty quick turn around and 
how to develop tools that are really focused and specific and get to us where 
we are going. if we can get this information from just watching peopel and 
observation then we would rather do that rather invest tools in heavier 
visualization right?
I: Yeah.
P2: Cause I mean again a lot of these companies do have  heavier visualisation 
stuff but they are so heavily filled with data that they need to higher someone 
specifically to sift through it and also designers have so many speadsheets 
and stuff that they are given to so if they are given another spreadsheet or 
another type of tool that they will need to jump into they would rather have 
like- here jsut mgive me a vry specific issue an highlight where the main ones 
are and i trust yoru ensight of kinda filtering it out and if you tell me where 
peopel are struggling then i know what i can change. and im sure designers 
give very valid reasons.
Do you find that either one of these visualizations is able to express that like 
where certain location or where these are the main issues are?
P2: Yeah, they both have aspects of it for example, because visualisation B 
has the bigger icons you can tell okay if a designer were to see this he would 
probably really enjoy to just seeing the big sizes of these icon and say okay 
here sort of people are having issues which is really good.
I: so what about you in your opinion which one would you be using if you 
have to choose one in their current state?
P2: if i really had to pick i would say- i mean again it depends on the specifc 
focus case. if i was reporting to a designer then said hey what are the main 
issues? then viualisation B would be the one i chose because of the easier to 
see the icons and visualisation A is nicer to see the paths but it also doesn't- it 
has issues tagged, but in terms of easier seeing that single picture and having 
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I: Awesome
I: So last question. What did you think of the aethetics of the visualizationS?
P2: It's kind of as I said. The arousal data is nice but for me [visualisation B] it 
adds more noise and for visualisation A it also kind of shows the arousal nicely 
but I would rather just see the specific information like the players and what 
they are struggling with and what they enjoyed. 
I: Awesome. so you can go back to the survey now and complete your post 
session rating and what you thought about the visualisations and you will do 
each one.
>>>STAGE 2 DISCUSSION ENDS<<<
>>>STAGE 3 DISCUSSION BEGINS<<<
I: Okay so im sending you the last link and then we will- it's the same format 
but this time you are going to be seeing four different types of aggregated 
visualisations each having-what you can do now is look through them and 
maybe get a sense of what's different about each one. They are all from the 
same level, then i will ask you a few discussion questions then we can have 
you rate each of these visualisations.
P2: I'm not sure if I see a difference between visualisation B and C
I: B and C?
P2: Yes. 
I: if you zoon in. And can you go abck to the first one(B). I think there is like-
instead of opaque colors there is more transparency.
P2: oh okay.
I: So maybe the lines that were traversed less liek the paths are more 
transparent. The geometric colors right, the GSR values, so in C you can se 
when there's a thinner path, the GSR is a little bit more transparent i thinka 
nd blended. (viewing VIZ B and C) So here is more opaque and theres no 
transparency (viewing VIZ D)
I: So I guess i'm supposed to ask you this if you are able to notice any 
differences between the four.
P2: Yeah I mean, the GSR data is a little bit more- it changes between each 
one i guess but between B and C it seems a little bit harder to see unless you 
look at B's harder red values. But visulisation D and B are alot more different 
because of the transparency, but I can see it now. I can see it now. I can see 
the differences.
I: are you able to see like the blending of colours. Instead of specific regions 
or a section of a certain colour?
P2: How do you mean? Like when it's going from rewd to orange versus light 
red to light orange?
I: mhm.
P2: I feel like I mean visualisation B probably highlights these areas these red 
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I: Awesome
I: So last question. What did you think of the aethetics of the visualizationS?
P2: It's kind of as I said. The arousal data is nice but for me [visualisation B] it 
adds more noise and for visualisation A it also kind of shows the arousal nicely 
but I would rather just see the specific information like the players and what 
they are struggling with and what they enjoyed. 
I: Awesome. so you can go back to the survey now and complete your post 
session rating and what you thought about the visualisations and you will do 
each one.
>>>STAGE 2 DISCUSSION ENDS<<<
>>>STAGE 3 DISCUSSION BEGINS<<<
I: Okay so im sending you the last link and then we will- it's the same format 
but this time you are going to be seeing four different types of aggregated 
visualisations each having-what you can do now is look through them and 
maybe get a sense of what's different about each one. They are all from the 
same level, then i will ask you a few discussion questions then we can have 
you rate each of these visualisations.
P2: I'm not sure if I see a difference between visualisation B and C
I: B and C?
P2: Yes. 
I: if you zoon in. And can you go back to the first one(B). I think there is like-
instead of opaque colors there is more transparency.
P2: oh okay.
I: So maybe the lines that were traversed less like the paths are more 
transparent. The geometric colors right, the GSR values, so in C you can see 
when there's a thinner path, the GSR is a little bit more transparent i think 
and blended. (viewing VIZ B and C) So here is more opaque and theres no 
transparency (viewing VIZ D)
I: So I guess i'm supposed to ask you this if you are able to notice any 
differences between the four.
P2: Yeah I mean, the GSR data is a little bit more- it changes between each 
one i guess but between B and C it seems a little bit harder to see unless you 
look at B's harder red values. But visualization D and B are alot more different 
because of the transparency, but I can see it now. I can see it now. I can see 
the differences.
I: are you able to see like the blending of colours. Instead of specific regions 
or a section of a certain colour?
P2: How do you mean? Like when it's going from red to orange versus light 
red to light orange?
I: mhm.
P2: I feel like I mean visualisation D probably highlights these areas these red 
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blending them in. 
I: So yeah you could tell me what differences you noticed in each 
visualisation. You could explain what you think the differences are.
P2: i guess visualisation D just has a very higher contrast and you could really 
tell these are the areas which were more impactful. whereas B and C i would 
put them pretty close by in terms of what they are doing. i would say B is abit 
effective than C.
I: why?
P2: just because i feel like visualisation C has- it seems more washed out than 
anything.
i: Cause of the..?
P2: the transparency i guess.
I: cause of the white around? or is it somethign else? The colour you are 
saying?
P2: Yeah I mean like it's harder to kind of- i mean- like D it doesnt seem it  
utilizes the weight of the path it just highlights the emotional valence where 
as if you like B and C have some sort of relavence of the frequency versus the 
arousal. So if 1 person had very high arousal but he finished with one person 
versus it's not goign to show very high where as B and C seems to just focus 
ont he GSR data and normalizes that it seems.
I: Do you prefer visualisations with no transparency or with transparency. So 
liek in B it had transparency on the thinner lines as well as in C. Do you prefer 
having it opaque in like in D and E?
P2: I mean if the purpose of this is to purely show off the srousal data then i 
think then D and E are more effective cause it's kind of the information that 
i'm looking for. 
P2: I think the E does a better job than C does. And B and E are pretty forward
 I: D? Sorry which visualisation? D?
P2: I think D if you're looking at purely arousal data. D seems to be pretty key 
at finding those high and low moments. I think B and C- I think B is a little bit 
more effective than C in that case. 
I: So you prefer it with the no transparency?
P2: I mean if the purpose is to describe the arousal data then I think D and E 
probably are ideal.
I: And what about - do you prefer visualisations with shading or no shading.
P2: I'm guessing that D is the shaded one. 
I: So shading is like where the colours blend so you dont have- the red slowly 
fades to orange. I think you can see that in C and E. So the colours blend.
P2: Yeah
I: So that's the shading versus D and B.
P2: I mean if it's done though another program and the program is the one 
that's doing the shading and it's kind of like interpolating the values then i 
would say no because I would rather get a good solid reading and know okay 
at this momenet he was very low and at this moment he was very high. And 

























appendix c : transcripts 108
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
between D and E [vieweing VIZ D and E] ]if i was comparing shading versus 
non shading and the information i really wanted was to see those emotion- 
those high and low arousal moments then i would say D is more effective at 
highlighting that.
I: Awesome. Was there anythgin else that you felt like you would want to 
discuss about these. Is there anything else you want to mention or comment 
abotu these four visualisations?
P2: I mean again arousal data is nice to have but I mean I'm not sure the data 
we are getting from the arousal could not be- like is super influential that 
could convice me that those areas were issues rather than just running more 
like a usability test and kind agetting that data from that and also from the 
interview.
I: Awesome. Sorry, I'm just making notes. But once you are ready and if there 
was nothing else you want to commented on, you can continue the survey. 
P2: Cool.
I: Awesome. So two more questions then we're done. Basically I'm going to 
get your preference on how you would rate each visualisation which one you 
prefered the most and going to which one you prefered the least. So we are 
basically goign to rank them. So yeah which one did you prefer the most and 
why?
P2: One-hundred percent i prefered D just because it gave me the 
information I wanted the quickest at the first glance. 
I: Okay.
P2: I feel like i don't know why I was >negative?< on C all this time. But C just 
seems to be the least helpful.
I: why?
P2: Just becasue of the shading it provides the information but i guess it 
provides it with some context if it's actually is using the frequency of only 
person went here but they had  a very high emotional valence but becasue 
that emotional valence is only one person versus all thsoe peopel then the 
shading kind od- it meake sme question- it provides more questiosn to the 
data dn ai feel when  youa re questioning the data more then you are less 
likely to believe it.
I: mhmm.
P2: It's like for the usecase it's interesting but i feel like visualisation D really 
gets you like here are the highs here is another high here is an emotional low. 
I: So back to visualisation C it's the least helpful because of the shading? like 
the transparency or the shading? So the shading is where the GSR colours 
blend.
P2: Yes I think it's abit of both right cause like the transaprency doesnt really 
bother me that much but the shading is what kind of throws me off because 
here on D it shows it's a really high impact area but like in C it kind of down 
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I: Okay. What about second favorite so below D? You said D was the one you 
prefered the most?
P2: Yeah, then I would probably say my second favorite would probably be E. 
I think E combines what is good about shading and transparency. so I guess 
the best parts about >>B and C?< is see into it's own thing. I think it provides a 
bit more context then D does i feel like D is a little bit in your face but kind of 
really sells you on those high and low moments. but E seems to provide a 
little- like without the transparency it provides that shading a little bit nicely 
and give it that context. But if you add transparency on it i guess you get C. 
I: Would you say that you prefer visualisation E over B?
P: Yeah I definitely prefer E over B.
I: So D, E, B, C?
P2: D, E, B, C. Yeah.
I: So what about E that you prefered over B? Or I guess you can tell me why 
you prefered E over B. You said like it combined shading and transparency.
P2: Yeah I feel like it combined the best of both those aspects. Like B again 
cause there is no shading you could kind of see those nice high and low 
moments like in D. 
[viewing VIZ B]
P2: I mean if anything I would put B and E on the same level. because they are 
both pretty euqal in term sof what they are doing. Like E is probably a nicer 
way to present it if anything. I feel like B might be mnore accurate cause of 
the lack of shading. 
I: Okay. So you are saying that B and E are on the same level? Also you are 
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then B and E then C? 
P2: Yeah.
I: Okay. you are't able to put one over the other?
P2: Like in terms of B or E?
i: Yeah.
P2: I mean if I really had to think about it I guess now that i'm revisiting B 
again. I'd probably say that B might be more effective than E. I'd probably 
have a little bit- just because B seems to be a little bit more accurate. At B, it's 
telling you like okay like here when he's falling he is high but as soon as he is 
approaching safety it kind of goes down.
[Viewing VIZ B]
 P2:  and same thing here at the start if the jump you get those highs and then 
they are comign down, it's a little bit lower.
[switched to Viewing VIZ B]
P2: Versus with E it's could kind of see that a bit but you kind of lose that 
initial thing. Like okay as soon as he pressed A he felt that.  
[switched to Viewing VIZ E]
P2: Versus with B you could immediately see that okay as soon as they must 
have jumped they must have felt something. So it's just because of the fact 
that you're a little bit more accurate.
 [switched to Viewing VIZ B]
I: I see okay.
P2: I would put based on the fact that it's a little bit more accurate I would say 
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I: And then you said C at the end because.. it's the least helpful because of the 
shading it made the data a little bit more ambigious?..
P2: Yeah I feel like it's trying to show the valence data but its trying to kind of 
hide it in conjuction with the path. So becasue it's trying to do a kind of more 
>>selegjatus?<< it's less effective at kind of highlighting those moments a 
little bit better.
I: mhmm. Was there anythgine else you wanted to add or comment about 
these four visulisations?
P2: I mean I'm not really a major biometric expert so i'm jut kind of giving you 
my opinion.
I: No no that's perfect. Yeah. That's what the study is about. to see what is 
most effect or helpfulw ay to communicate this data to developers and see if 
it's actually necessary right.
P2: Yeah I mean again my opinion on biometric data is that it's not always 
necessary and they haven't really found a way to convince people of utilizing 
it a biometric methodolology over a non biometric methodology. I generally 
have a pretty negative disposition to biometric data.
I: That makes sense, yeah. It's all like preference as well and it depends on 
what youa re trying to answer basically as well so it makes sense.
P2: Yeah exactly.
I: Awesome. So once you are ready just finish on the survey jsut rating your 
experience with visualisation and we should be done.
P2: Okay cool thank you. 
I: Awesome. So thank you very much for taking part in this study I really 
appreciate it. Was there anythign else youw anted to comment on before we 
clsoe the call.
P2: Well thank you for using me for your study and hopefully I was helpful.
I: Oh no It was very helpful. I took a lot of notes.
P2: Yeah I mean it's kinda- I will just go back to this and i said it before 
biometric data and these kinds of things are really nice to have and they really 
kind of sell people on issues that may or may not be as easy to spot in a 
ubsability test. So they are kind of helpful if it was like a nice cherry on top of 
sunday kind of data. But It's kind of like one of thsoe things I would 
recommend if you could add biometric data in terms of a filter and say this 
players data it would be nice to have it but i wouldn't make it the main coruse 
of your visualisation. I think there's a lot of cool things you can do with 
visualisations and biometric is really cool but it's kind of a nice added piece.
I: So before i asked you initially what did you think these visualisations were 
lacking or could be improved in some way. You just mentioned like they could 
have different things in them- what did you mean like what kind of things?
P2: Like it really depends on your stakeholder right. For excample, if you're 
providing research and you're an exertnal reviewer and you are reviewing this 
data for the first time then mayeb it makes sense to highlight those emotional 
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this. 
P2: But if you are testing the same every week with the same development 
team and you kind of trained them on a process and if you just add biometric 
data one week it might throw them off and get them to look at something 
that might not be as important. So it's kind of one of those thigns where you 
have to really pick and choose your battles and when you want to show it and 
how you want to show it. 
I: So other than..-
P2: And also your stakeholders too for example if you're meeting with other 
user researchers cause then maybe having biometric data is kind of really fun 
because them it promote s a discussion and then they can say this is really an 
issue cause of the biometric data.
P2: But if you are meeting with producres and game designers i feel like it's 
cool data from them to see and it's really sexy for them to see that. But I 
don't think it's very helpful for the end goal which is basically saying that 
these are really important issues and you guys should fix them.
I: Yep, awesome. This was very helpful thank you very much for your 
information and comments. I really appreciate it. Hopefully i didn't take too 
much of your time.... [finished up the discussion and closed the call]
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P3: Okay so I've done that portion.
I: Perfect. So what we are going to do now is just have a discussion and I'll 
have some questions and we'll talk about both of the visualisations. So first 
question: what are these visualisations trying to communite in your opinion?
P3: they are trying to communicate the player's path and any mistakes or 
actions that they are taking as well as their level of engagement with the 
game while they are playing it.
I: Where you able to tell there were more than one player path.
P3: Yes.
I: Like it wasn't just one participants that it's actually different- multiple 
participants.
P3: yeah the variety of the actions take they is more aparent cause alot of 
people subconciously will tend to take similar paths and make similar actions.
I: So imagine you are working on a platformer game like this, is there anythign 
interesting you see in the visualisations?
P3: The second one is very interesting [refering to VIZ B] because of the way 
the information is portrayed in the zones [check image below]. One thing that 
i find that might be a little bit redundant is the thickness of the path as the 
opacity of the regions behind it are defining the same thing. Like I'm finding 
really thick portions here get a little distracting when the same thing is 
portraited by how thick the regions behind it are.
P3: This one was interesting because of the level of detail in each one but 
then it gets really hard to read when you get into heavy action areas like 
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I: That's true. So are you able to get a sense of what these visualisations like 
how you can- like what needs to be done for these visualisations like how to 
improve on the game for example.
P3: For these examples, yes in certain areas. Mostly in areas where it's harder 
to make jumps. It helps inform areas that needs tweaking in terms of the 
actual like dying and stuff Like that's normal use case someone is going to die 
somewhere because they missed a jump. But it's interesting to see where 
users are more engaged and then being able to use that information to 
change the design and maybe add or subtract areas that a little too engaging 
to create good pacing for user engagement.
I: So i'm going to just ask you to point out some areas basically like little tasks. 
So first one: Do you get a sense of where players may have gotten high levels 
of frustration.
P3: In this one, it's a little harder to tell [Viewing VIZ B]. Like the areas of 
frustration are normally when there's lots of icons. I also find that it's- i don't 
know if it's both of them- But there's no icon where a player has died or 
failed. Like in this area it seems to be represented as failed jumps, but there's 
a difference between a player failing a jump and a player dying because they 
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P3: whereas the other one [talkign about VIZ A] it's a little bit more clearer to 
figure out where players may have fallen or died but i think that's more the 
nature of the design of the other level.
I: So you said that it's more clearer to see where players- there's  high level of 
frustration in the aggregated so the ones with the thicker liners of the thinner 
lines- the individual one.
P3: In the- It's lesss about the thicker lines and more about the larger the icon 
or the number of failures. That's what's the big tell for me here in where the 
areas of frustration are. 
I: Okay.
P3: You can also see that in the areas where people are mostly frustrated, 
they seem to be less engaged. [Panning around VIZ B]
P3: Over here like this person fell down they were highly enaged and that's an 
outlier where they were too engaged that caused them to create a missed 
jump.
P3: Like over here where they are trying to do this jump it's not engaging for 
them.
I: That's true.
P3: And over hear where they are constantly dying to the prana plants they're 
losing engagement cause of the constant failure.
 I: What about the other visualisation? Are you able to tell where might be 
high levels of frustration there?
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of the lines and how speratic they get. Again here you can see based mostly 
on the number of icons, it's a good tell.
P3: But the lines themselves aren't a good tell as to where users are getting 
frustrated.
I: Do you see where players may have died? 
P3: On this one [Viewing VIZ A], you can see where they have died once they 
have fallen of the map, but I dont see- so I guess here would have been a 
missed jump. But it's hard to tell if that was a missed jump cause they were 
trying to get up and they failed to make the jump or they jumped into the 
prana plant. The lack of iconography for a death as opposed to a missed jump 
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P3: And the same thing goes to over here. There's 24 missed jumps here, but 
you can walk into one of these guys they are jumpign out a pipe and the same 
outcome happens. So it's not the greatest for seeing where people have died. 
Whereas like a line falling off a map that makes sense you know that's 
someone falling off.
I: Yeah.
I: Do you see where players- okay the second one is if players have trouble 
making a jump, but we kind of discussed that aswell.
P3: yeah,  so like here you can see like there's like there's 10 failed jumps here 
and 1 failed jump here and there's very few enemies around it so it's easy to 
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P3: Here having an issue jumping [check image below]. But as more of this 
information gets layered on, it becomes harder to see where the enemies are.
So either somethign to say this is where death is and this is where players are 
learning how to play. 
I: I see.
I: It's harder to tell where the enemies are in the first one? in this 
visualisation? [VIZ B] because of the geometry?
P3: Yea, as the geomtery gets thicker like you can see it underneath but even 
here. that's very close to being obstructed [check first image below]. This guy 
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P3: And again here obstructued, obstructued, obstructed. [pointing out 
different locations where the geometry is overlayed ontop of the enemies]. 
You can't even tell that the guy is there, so the only real tell here that 
someone is missing a jump is that there is no jump to make, so oh that's not a 
missed jump that's a coopa walks into him[check first image below]. This guy 
down here is is almost invisible, that guy aswell he is partialy obstructed by 
iconography so here again with a comment bubble [check second image 
below]. So it's gets a lot harder to see where the inherent danger of enemies 
like versus what's just really hard to jump on. 
  
P3: On this one [VIEWING VIZ A] that's much less of an issue because of the 
lines you can still make out this guy. The lines never go inside the pipes so you 
can see these guys coming out of the pipes but here where there's lots of 
jumping action he is almsot completely invisible.
I: That's true.
I: And do you see where players may have ignored powerups?
P3: [VIEWING VIZ A]I haven't seen many of those icons. Like here they are this 
is one where they skipped a powerup, it's not as apparent, but also there's 
nothing to say that there's a powerup in these boxes whereas over here 
there's no powerups in any of these boxes. It's hard to look at it first glance 
and say oh they skipped a powerup over here or oh they didn't. If you are the 
designer on the level you will know where they are but if you are someone 
who did not put the level together it becomes alot harder to at first glance 
like oh they skipped a powerup or oh they picked this one up so somewhere 
to say where powerups are in the level woudl be alot better just to have it as 
a point of interest like oh okay users are skipping this. [switched to VIEWING 
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there's a bunch of boxes but i don't know if there's a power up in there 
actually i don't know if there are powerups in this level. 
I: I'm not sure either. And that's okay if you cant- you dont notice.
P3: Yeah, no yeah it loosk liek there aren't even powerups in this level..
I: Oh I see the icon , it's a bit forward..
P3: Oh here. 
I: Yep.
P3: But then- oh yeah there's a box there [refering to the "? Block" hidden by 
the iconography], but there's an icon ontop of the box so it get s to the point 
where you ca't even read that there's an item theres. It' sjsut that theres a 
player skipping it is what shows up.
I: Do you see where players may have diverted from the majority path?
P3: Ah yes, so that's easy to spot. Theres a few here where the fainter areas 
and thinner lines. It shows very clearly where users are jumping to escape 
enemies or taking an alternate path. [Viewing VIZ B] On the other one
[VIEWING VIZ A] it's a lot less apparent because you don't have the aggregate 
data so it's just seeing where the lines go and where there are more jumps 
versus where there are less jumps and which lines are overlapping but it does 
get to the point like here [check image below]everyone is running across here 
so you don't even know how many people ran through there so any user data 
becomes lost because as more people are traveling through there you can get 
to the point where some people turn around or some people die and you 
don't know that because its just one thin line as apposed to the other one 
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I: awesome. So back to more questions where we get to discuss. So do you 
use these type sof data in your game dvelopment or have you seen 
somethign similar to these before? 
P3: I have seen something similar to these but I've not used it in my 
development. In more premium games, we do track what users are doing in 
terms of actions but it's a more UI based interaction log where people are 
clicking and we could create something like this out of that data but because 
we do more data driven design. we are more interested in why users are 
clicking on areas and what they are getting to as opposed to what's driving 
them at that point. But in things like orphan black the game that would have 
been handy information to have just to see the paths most traveled and the 
paths least traveled and some of the puzzles and figure out where people are 
getting stuck and whether or not it's a fair challenge or not.
I: That's true. You actually answered my second question which was thinking 
of your current game development project how can this visualisation help? So 
I don't know if you had anything else to add about that. Or how could the 
data be visualised in the game.
P3: For something more UI based like bingo pop it would be- i think we have 
done it once before or someone has done it once before where it's more like 
a heatmap of player interactions. where they are tapping more where they 
are not, but it does get to a point where you dont have a stringing path like 
this and it just sort of gets blotchy and it's at that point where you are better 
off just looking at pie charts and graphs to see what paths users are taking. It 
is a lot harder for us to track user path cause our user base is around 200,000 
and we do a lot of tracking based on spender tier and figuring out what 
actions they are taking but it's very hard to pinpoint where a lot of people are 
going because they all interact with the game differently.
I: Awesome. Thanks.
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P3: Sure. So this one here like I said the thickness of the lines is somewhat 
redundant just because of the opacity of the backgrounds. so muting that 
more and visually- [VIEWING VIZ B]
I: What do you mean by muting?
P3: [VIEWING VIZ B] Making it thinner so it's not as aparent or not as 
obtructive. And then adding where powerups are would be helpful as well as 
where users are dying or just like something to say where there is a danger so 
that if there is a failed jump if that is the iconography that they are keeping 
that there is a danger there and it's not random failed jumps in certain areas. 
[switched to VIEWING VIZ A] This one here it's nice in that the iconography is 
very small so it doesnt overtake the screen too much but it then becomes 
harder to read so i think a nice in between this [refering to VIZ A] and this 
[referign to VIZ B] would be iconography that's that size [refering to VIZ A 
icons] but does contain the 9 times, the 2 times[refering to VIZ B "x #" below 
icons] just to overall keep a count of how thigns are going but not necessarily 
obstruct the data on the screen.
I: Did you say change the size ont he icons? Sorry i might have missed it.
P3: so keep this size icon, but add the two times or the 9 times to it. Don't 
increase the size of the iconography as it happens more and more because 
then it starts to weigh too haeavily on the screen. Especially if you get into 
areas like this [refer to image below] where yeah it is nice to see that 24 
people have died and that might be a big issue
 
P3: but at the same time you can see if there is all of these icons neatly and 
smaller formed like this[switched to viewing/panning around VIZ A icons] you 
would be able to be like oh thats happening 24 times  
or that's happenign 9 times like here. Here is a good example of multiple 
actions and because they lay ontop of eahcother it's hard to discern how 
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I: That's true. so you said an in between was to have just the number, times 
whatever number of people who did that behaviour.
P3: Yes.
I: Okay, awesome.
I: I guess now the question- also we've answered it a little bit, but I will ask in 
case you have anythign to add. So can you think of any ways that the 
visualisation can be imporved? Why do you feel these changes would improve
the quality of the data?
P3: So with this one [refering to VIZ A] an aggregate of the user arousal would 
be interesting to see just because then all of these jumps in this area with this 
many users, yellow like you don't need to see that much individual. And then 
it is nice to see the one off there [viewing the first image below], but where 
there are multiple ones because there's no regions here [viewing the second 
image below] aggregate data based on arousal with thicker lines for more 
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I: So you said like aggregating some of the locations because it's a bit too 
chaotic in one section?
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I: Yep.
P3: Like it gets too noisy if there are a lot of people doing, performing similar 
actions it would be nice to do something like this so if you are not creating 
aggregate zones then to create aggregate lines to get similar actions out of 
the way and more legible [check image below the left jump arc] as apposed 
to- who knows how many people jumped here [check image below the right 
cluster].  It's illegible. 
P3: But like areas here it looks like there are 4 paths or 5 paths and there are 
4 different kinds of people jumping at different arousals [refering to the jump 
upward in the image below]. Whereas here [refering to the jump to the lower 
level in the image below] there's a lot of people just running down at 
different things so like you could aggregate some of this data just to make it 
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P3: And then here there is a lot of people jumping here at different rates and 
different points and different velocities. But a lot of that could be averaged 
out instead fo having all of these individual lines. 
I: Awesome. That's really helpful. Sorry I'm also taking notes.
P3: That's okay.
I: Anything to add about the aggregated visualisation? Like how you can 
improve on it.
P3: Like I mentioned trying to pinpoint out where there are bad guys or make 
them more apparent even if it's like taking the sprite of it and overlaying it so 
it's ontop of the user data becasue it is an important piece of information. 
And I think that's one of the few things like i said the thickness of these lines 
especially here [check image below], there is a lot of movement here and alot 
of jumping. But the lines don't need to be that thick and we will never know if 
there is a bad guy underneath this. But Overall this is a better visualisation 
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I: Oh so you prefer the aggregated visualisation?
P3: Yes.
I: Okay.
I: So I guess now I get to ask you if you feel there is any sort of data that is 
missing from the visualisations or if there is something redundant, any 
redundant data that needs to be removed.
P3: So like I said the missing information would be player death. In terms of 
redundancy, I don't know if you need a build up speed or racing forward. That 
is sort of the same action to me. like someone building up speed is running, 
someone running is running. Whereas I think the two states i would be being 
cautious and building up speed. unless there are a lot of people moving at a 
standard rate. whereas mario has a walk and a run. I think that the first state 
would be walk and not building up speed whereas racing forward would 
include building up speed and you would be able to tell that based on when 
they start racing forward or when they start running.
I: Yeah that's perfect. Anything-
P3: Other than that i don't think there is too much redundancy. other than 
the size of these icons, growing with the number of actions. I think one or the 
other is jsut as effective as apposed to both. 
I: sorry was it the size?-
P3: The size of the icons growing as the number of actions are taken in that 
area.
I: Okay. Perfect.
I: So which versions of the visualisations in their current state would you 
prefer to use?
P3: I'd prefer visualisation B. It's a lot more clear in terms of the number of 
users, commiting the same actions, you can look at it at one glance and see 
that this is the most taken path and these are the least taken path and this is 
where someone is most engaged. [switched to viewing VIZ A] Whereas this 
one it's a bunch of lines but it doesnt tell a cohesive story for everyone, it just 
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better at communicating the overall player experience . 
I: Awesome.
I:  Last question before we move on to the second stage. What did you think 
about the aethetics of the visualisations?
P3: I think the first one is very minimal and sleek but i think a lot of 
information is lost in the minimilsm. [viewing VIZ A]
P3: The second one was I thought was it's very easy to read it's well 
compounded and it provides the most valuable information overall. [viewing 
VIZ B]
I: Awesome. Sorry I'm just making notes. Very useful inputs you are giving me. 
So what you can do now is refer back to the survey and just rate each...
[explaing the next stage int he study]
>>>STAGE 2 DISCUSSION ENDS<<<
>>>STAGE 3 DISCUSSION BEGINS<<<
I: And yeah when you are ready we will tkae a look at the last link and it's the 
same format but this time there are 4 different versions of the aggregated 
visualisation and they are from the same level so it is easy to differentiate 
them. So right now i will gvi eyou a few seconds to jsut look at each one and 
see if you can point out any differences and there are jut 4 questions we get 
to discuss together.  
P3: Okay.
P3: Okay.
I: Okay. Awesome. So the first question is basically seeing if you are abel to 
find any difference or do you notice any differences between the four 
visualisations.
P3: So the first oen is very much like visualisation B from the first round.
I: Yeah the first one is the same.
 P3: The second visualisation, Visualization C, appears to be more of a heat 
map with more bolder sections where there are more player actions. In 
visualisations D-
I: What do you mean by that?
P3: It looks liek thre is more- so as players are traversing through a section, it 
gets more filled in where as if there are fewer players traveling through a 
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better at communicating the overall player experience . 
I: Awesome.
I:  Last question before we move on to the second stage. What did you think 
about the aethetics of the visualisations?
P3: I think the first one is very minimal and sleek but i think a lot of 
information is lost in the minimilsm. [viewing VIZ A]
P3: The second one was I thought was it's very easy to read it's well 
compounded and it provides the most valuable information overall. [viewing 
VIZ B]
I: Awesome. Sorry I'm just making notes. Very useful inputs you are giving me. 
So what you can do now is refer back to the survey and just rate each...
[explaing the next stage int he study]
>>>STAGE 2 DISCUSSION ENDS<<<
>>>STAGE 3 DISCUSSION BEGINS<<<
I: And yeah when you are ready we will tkae a look at the last link and it's the 
same format but this time there are 4 different versions of the aggregated 
visualisation and they are from the same level so it is easy to differentiate 
them. So right now i will gvi eyou a few seconds to jsut look at each one and 
see if you can point out any differences and there are jut 4 questions we get 
to discuss together.  
P3: Okay.
P3: Okay.
I: Okay. Awesome. So the first question is basically seeing if you are able to 
find any difference or do you notice any differences between the four 
visualisations.
P3: So the first one is very much like visualisation B from the first round.
I: Yeah the first one is the same.
 P3: The second visualisation, Visualization C, appears to be more of a heat 
map with more bolder sections where there are more player actions. In 
visualisations D-
I: What do you mean by that?
P3: It looks like thre is more- so as players are traversing through a section, it 
gets more filled in where as if there are fewer players traveling through a 
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I: Oh like the area surounded the line?
P3: Yes.
P3: D, it looks like there is no change in the transparency of the arousal 
regions. And I'm having a hard time noticing a difference between E and C 
other than I guess it's somewhat the same where there is a base level of 
transparency.
I: Mhmm, exactly yeah.
P3: And there is some areas where it gets a little less transparent.
I: So what actually is happening in E is yes you are right it is all the same level 
of transparency but there is another factor also playing which is the blending 
of the GSR values which you will also notice in C i think. So you notice a color 
blends but im not sure if it's very clear.
P3: Oh yeah I see.
I: So do you prefer the visualisations with no transparency of with the 
transparency?
P3: I prefer with the transparency. It makes it a lot easier to read in terms fo 
the number of players performing these actions in these regions.
I: can you give me an example?
P3: Like up here it's a lot easier to look at it at first glance and just be like oh 
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P3: Whereas here, the same information is portrayed by the lines but the 
regions are more important to my eyes, so here this looks more important 
when in reality it's not. [VIEWING VIZ D]
I: so next questions is asking you what do you prefer. Do you prefer the 
visualisation with the shading or without.
P3: I think without. 
I: So this one has the shading and same with E I think [VIEWING VIZ C].
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thing. The blending doesn't make much difference to me in terms of the 
actions being taken and I don't think it's providing much more information 
than what is being provided here [viewing VIZ B, check first image below] and 
so it doesn't like it's not contributing but it's not obfuscating any information
[switched to viewing VIZ C] this is just easier to read because it's flat 
[switched to viewing VIZ B]. 
I: Yep. Sorry I'm just making notes.
P3: No worries.
I: Was there anything else you want to comment on between the four. 
Anything else you noticed? Any differences?
P3: No, not at all.
I: Okay so if you are ready navigate back to the survey. It will ask you to rate 
each visualisation as you did in the previous stage and you will just have to do 
it once. And then I have two more questions for you then we should be done. 
P3: Okay. Yeah should be good
I: No this is great, my previous studies, the studies went on for over an hour 




I: You did all four?
P3: Yep.
I: Sorry it was just the three because you already did B.
P3: Yeah C, D, E. Yep.
I: So basically now im going to get you to rank each visualisation from the one 
you prefered the most to the least prefered and see why you decided that. So 
I guess which one do you prefer the most and why?
P3: The most I would say is B because it's is very easy to read. the 
transparency is a big help in determining which areas are more important to 
focus on and it just portrays all of this information clearly.
I: Which one is your second favorite?
P3: I would say C for the same reasoning because it's got the GSR data which 
is not- like its good information to have but i don't find it more useful than 
just the flat shading [refers to VIZ B]. Areas like this you have to pay more 
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VIZ C ]. Where as up here it's flat colors and it's easy to see orange yellow, 
less people here. [check second image below refers to VIZ B] but it is still good 
information to have and very legible. 
 I: Awesome. I guess which one's the third? ranked third. 
 P3: Visualisation E. The GSR data sort of helps in the same respect the 
transparency does. it does make it easier to discern changes between 
reagiosn but the lack of transparency makes it harder to tell overall which 
areas are more travelled and which areas are less travelled. And makes like 
areas where one player goes through seem more important than they 
actually are
I: And that would put visualisation D I assume in the last-
P3: Yep.
I: So why do you prefer it the least
P3: The flat transperency across make it harder to read which areas are more 
or least travelled through. The areas like this, if you are a little further out it's 
harder to read the lines like you could still tell they are there and you can 
zoom in and take another look but the infromation overall there is less of it at 
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I: Perfect. Was there anything else you wanted to comment on?
P3: No.
I: Okay. [finished up the discussion and asked the participant to finish the 
survey]
>>>STAGE 3 DISCUSSION ENDS<<<
21/21
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[Before discussion: during pre-session rating survey of second visualisation 
(VIZ A)]
P4: Um.. Clarity. So this is not. In terms of the survey, clarity readiabiltiy and 
stuff there is different amounts of clarity, readability for different elements.
I: What do you mean?
P4: So for example, I think that the movement lines here [refering to VIZ A] 
are better than the movement lines of the previous one[refering to VIZ B]. 
But the icons for example, the icons of the previous one[VIZ B] is much better 
than the icons in this one [viewing VIZ A].
I: That makes sense. So when you answer clarity i guess maybe summarize 
your answer because we are going to have a dicussion once you are done 
answering this you can mention those points and i'm also recording your 
input is like specifics. so I'll have some questiosn and i will ask you how you 
feel about each one. 
P4: Yep.
>>>STAGE 2 DISCUSSION BEGINS<<<
P4: Okay.
I: Perfect. So I will ask some questions now. First thing is, in your opinion what 
are these visualisations trying to communicate?
P4: Trying to communicate general player experience as they go through a 
level.
I: And what kind of information can you extract from this visualisation?
P4: [viewing VIZ B] Sure so you can figure out where players are excited or 
where they are not excited based off of the heat graph of either one. Either 
the graph or the lines. And then you can also figure out where players tend to 
like let's say if a lot of players are failing this specific jump that's good 
information to know. If other players are double backing for certain things like
the coin double backing or maybe for a powerup or something, that's good to 
know. And then occasionaly there's some interview stuff that's somewhat 
intereting and useful, but maybe some of those questions could be made 
more useful you know. cause some of the answers are like eh that's fine. 
I: I see, okay. So you are saying soemtiems the text, the interview-
P4: Sometimes it's a little bit redundant. it's like it's not super like interesting 
information. They are just mentioning it. But yeah you notice a lot- couple of 
things. I'm not entirely sure what builds up speed and racing forward are. 
I: Okay.
P4: like in terms of icons i don't really udnerstand what that means. As far as I 
can tell these are mario levels.
 I: Yeah.
P4: Like there are some games you can actually build up speed if you keep 
running forward like if you are playing mirrors edge for example. you can like 
there is a more variable graph speed of how fast the player keeps going. 
I: That's true.
P4: But with mario you are either moving or running or you are not moving.
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I'm not entirely sure how important that data is for these levels.
I: Mhmm. 
I: So imagine you are working on a platformer game like this, is there anything 
interesting you see in the visualisations? And I know you mentioned 
something  about it being interesting but if there is anythign else you notice 
feel free to let me know if not that's fine.
P4: Well so for me the really interesting things well especially in this graph 
[refering to VIZ B] it is very easy to see where peopele are double backing on. 
And that might mean that those sections-  
I: Is that interesting?
P4: Yeah. and those sections might be redesigned if you dont want them to 
double back. Which in a paltformers it's very linear but it's probably the case. 
If you- there's no really huge icon here for this but if there was a huge icon or 
there was a bunch of icons here where players missed a jump [switched to 
viewing VIZ A] like I think early on here there was a spot where players missed 
the first jump over there. that's super important because you definitely don't 
want 100% of your players to miss a jump early early on. But it kind of 
depends on the levels. Because i know that like the frist mario level that first 
jump or first tasim, people did miss it quite a bit and that's fine because the 
intent is to teach people that they need to jump there.
I: That's true.
P4: Or they should run and jump there. so It kinda depends on the context 
but there's some good information to be had. 
I: And can you use these visualisatiosn to get a sense of what needs ot be 
done and how to fix the level. I guess you did answer that aswell whas there 
anythign else would be useful? Like you'd be able to know how to fix the 
level.
P4: Yeah I guess. So If- I guess there's no- One thing i noticed just now there's 
no real marker for where players die. And that might be really important 
information like something i've noticed like you don't really see where players 
end up dying a lot because if you have especially if you have multiple path like 
here for example [check image below] if you coudl see my screen like there's 
















appendix c : transcripts 137
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
I: Like where they died more like in which section?
P4: Yeah where they died more and where they where they visit more and 
why. That might be really important.
I: That's true. Also I'm making notes of what you're saying.
P4: Yep. For sure. And again it kind of depends on the context because if 
there is- like if this bottom section was this giant elaborate bottom section. 
and most players are just avoiding it completely because they assume they 
have to jump at the top here. Then maybe this entire bottom section should 
be scraped and not worked out. 
I: And what i'm going to do now is juat give you a few tasks-
P4: Yep.
I: Basically i'll tell you if you are able to find this in the level and i'll see how 
you do 
P4: Sure.
I: but no worries if you are not able to.
I: So the first one is do you get a sense where players may have gotton high 
levels of frustration?
P4: In either one?
I: Yes. We will do it for each.
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I: Why?
P4: A decent amount- They are missing a bunch of the jumps there and 
arousal spikes very early on in the level. There like- there seems to be 1 
person or two people who are just constantly excited but for the most part I 
feel like that's a little bit spikey. Then.. where else.. I don't really understand 
how people can miss a jump over there. I don't know if that's even possible, 
there is no jumping there. 
I: That's true. I will make a note.
P4: Where would they be frustrated at.. So this graph- one of the bad things i 
find with this graph is that arousal is very hard to gage on this graph.
I: Why? Is it because of the different lines or-?
P4: Yeah. so arousal- atleast I find, arousal is much easier to gage on this one 
[refering to VIZ B] compared to this one [refering to VIZ A]. Because the 
yellow to red lines they don't like- i guess it depends if you had way more and 
you had them blended together but right now i don't think there is any 
blending between the colours so it's hard to get a good grasp on like what the 
average is. 
I: Like in each line?
P4: Yeah. but like if there is a mix of- oh that was weird [page refereshed]- but 
in that spot there was a mix of like yellow and red lines and that's really hard 
to tell like did more people have red? did more people have yellow? it's like 
it's kind of like a broad spectrum.
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P4: Yeah so there's some really clear red points there's like here this first 
jump there's this spot over here and then there's this jump over here and 
maybe a few other minor areas but those are like the big ones that i see. 
[viewing VIZ B]
I: Do you see where players may have died?
P4: That don't- i'm not entirely sure. I'm going to have to zoom in more over 
here. So here people are getting their jumps, people are failing this jump a 
few times. Where would players die.. probably- if you put a miss in their jump 
so probably here [check first image below]. And right here [check second 
image below]
 
I: Mhm. What about the other visualisation?
P4: For the other visualisation.. [switched to viewing VIZ A] Now where would 
players die.. [check first image below] So here there aren't as many gaps at 
the bottom. At first glance i was thinking maybe players would die here 
becasue of the enemy with the coins. But there doesn't seem to be a huge 
amount of data there so i'm not entirely sure that's at all accurate. It's just I 
>>doodle?<< it's not based off actual data. Where would players die.. Players 
definitely need to die down here [check second image below] There is a 
bunch of red excited lines with enemies and they seem to need to get back up 
or atleast they get frustrated and they probably die down here because i'm 
guessing people would miss this jump and they would fall and would have to 
jump back up and would have to avoid these goombas. Where else would 
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line falling down a gap]. 
  
 I: What about where players who had trouble making a jump? Are you able 
to see where that happens?
P4: Yeah like here and here [pointing at the "missed jump" icons in VIZ A]. So 
this is like a jumpy puzzle that's decently difficult. people seem to be fine 
here. There's probably died-  I don't know if they died here or they just like 
ran forward. I feel like they probably died because everyones rushing over 
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I: Yep.
P4: Players probably died at this jump too super excited. lots of people dying 
than normal. But yeah..
I: That's good. Yeah
I: And what about the other visualisation? Do you notice where players may 
have had trouble making a jump?
P4: Mmm yeah [switched to viewing VIZ B], so this visualisation is much 
simpler i guess to look at because the graph- the icons are much easier to see 
with a bunch of them if they are like here if there is like a couple of failures 
but not too many. [check the first image below] The same with here. Here 
there is a lot more running and jumping but not many failures only one failure 
i think which is pretty good but people are like scared because they are like 
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I:  That's good.
P4: Yeah that's about it. 
I: What about- do you see where players may have ignored powerups?
P4: Kinda looking for the icon here.. doesn't seem to have shown up at all 
unless i'm missing an icon. [viewing VIZ B] No I'm not that i got is 
(unintelligible) Oh wait there is a little bit here. Yeah there is a little bit here 
but for the most part not many. I think that was jsut the one. 
I: And what about the other visualisation?
P4: [switched to viewing VIZ A] Yeah.. this one i hate the icons in this one. 
I: How come?
P4: So it's hard to tell how many the times that they happened because its 
kind of just a bunch of icons sprayed on top of eachother. the moment it gets 
past four it gets impossible to tell. Four to twenty is like all the same with this 
graph. It's also from like high level if you ar elooking at it from really far away 
ots's hard to tell at a glance where like if a single event a lot of times whereas 
here for example if i look [switched to viewing VIZ B] if i zoom out i can at 
once see there's like a big icon here a big icon here a big icon here. 
I: And is that useful for you?
P4: Sorry?
I: Is that useful for you?
P4: At least it lets me look at like- maybe from super far away its not super 
useful becasue i need to know what the context of what icon is. But it's good 
to know where a lot of people had the same kind of event happened. Because 
that's very likely to be a very common event.
I: Thats true.
P4: So it's more of like did we want that to happen because that's going to 
happen to a lot of our players. So for like here a lot of people went back for 
coins. Did we want that to happen? I don't really know. That's were maybe 
you zoom in and see what that's part of the level is and see where the coins 
are and figure out why maybe- if you look at players movement -why players 
are moving backwards. 
I: And do you see where players may have diverted from the majority path in 
each of the visualisations?
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extent [viewing VIZ A] so here its really obvious that the bottom path is very 
sparse comapred to the top path. [switched to viewing VIZ B] So this one 
there's this bottom and top. The top is very sparse, the bottom is very thick. 
Here again, bottom is most people but theres a few that managed to get 
above here. And then apart from that, that's about it. There's different people 
jumped differently here but that's not a huge difference.
P4: [switched to viewing VIZ A] Then over here bottom top. Bottom is sparse, 
top is very common. Here it's much more even but bottom is still much rarer. 
i think mostly because people generally go up, but a few people have failed 
and needed to go up again. 
I: Yep.
P4: So this has become like almost like a little cycle. And then very few people 
jumped up, most people jumped down to get these coins because it's very 
tempting. And then that's about it. Yeah pretty much. 
I: Great awesome. So we are done with the task questions but now more 
discussions. So do you use these types of data in your game development?
P4: Sorry say again.
I: So do you use these types of data like the ones we've gathered from the 
visualisation like in your company or when you are developing your games.
P4: To be honest I don't know. Probably, but the comapnies that i've worked 
for have been large enough that my role as a programmer is a lot more 
specialized so i don't tend to see a lot of the design work or the user research 
testing work. 
I: Have you seen something similar to these before?
P4: nope never, first time i'm looking at them. 
I: Oh awesome. 
I: Thinking of your current game development project, how can this 
visualisation help in your opinion? 
P4: My current game development project?
I: Yep. or a previous one that's fine.
P4: I'm trying to think. So minecraft in game is extremely open world so 
having a visualisation like this for movement is a little bit useless. Becasue 
there is no real set path for players like there is no path that we want the 
players to go for and there's no path that players should go for or shouldn't 
go for ect. Having said that there are things that visualisations like this make 
sense for which is things like UI. So in certain areas if a player opens up a 
certain UI element it's important to know what they click on what they don't 
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I'm not sure you have.
I: Yes I did. 
P4: Yeah, so for exmaple if a kid- a child opens up a furnace for the first time 
or a crafting bench and they are not familiar with you know what slots- what 
goes in to what slots maybe that's really important. So if they put fuel into the 
wrong spot over and over again and everyone puts fuel into the wrong spot 
then maybe that UI should be redesigned.
I: that's true.
P4: So that it's more intuitive that fuel goes into a spot and you know 
whenever you are cooking or furnacing it goes into the other spot so for that 
it totally makes sense. 
I: That's true. That's really good. Sorry I was makign notes of this.
I: Next question i guess. Was there anythign else you wanted to add though?
P4: Yeah. 
I: Oh sorry go ahead. 
P4: So in the previous game at relic that i was reading  on at work today. 
Dawn of war is  more it's an RTS game but it's level based. Even though it's 
not super leanier it's still fairly linear and more path based visualisations 
definitely help over there so soemthing like this would definitely work.
I: Awesome. 
P4: Yeah. 
I: Thank you for your input on that. 
P4: Yeah for sure. 
I: So which visualisation do you prefer and why? Are you able to name 
something you like or didn't like about each?
P4: Yeah, so generally i prefer the first one. But I think there are good things 
about both of them and bad things about both of them. 
I: Yeah go ahead. 
P4: Sorry i guess the second one, visualisation B. So visualisation B, the good 
things are that the icons are great. The size of the icons make a big difference 
betweek like it's way better to have the number of instances equals you know 
be proprotioanl to the size of the icons instead of having a bunch of the icons 
smattered on. Especially with the number below it. Like five times. That is 
very useful compared to A where there's no number below it and whenever it 
hapened a bunch there's like overlays of icons. [switched to viewing VIZ A] 
This is really bad because after you get  BEYOND a certain number of icons it's 
very hard to tell how many there are.
I: That's true.
P4: Like 5 and 7, and 5 and 10. After a certain point it's really hard to tell 
especialy if they are all grouped up really tight. And also if you have different 
icons like this together they can hide eachother. And that's not something 
you really want.
I: Yeah.
P4: So icons this one really definitely wins. [viewing and pointing at VIZ B]
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much better as a heat graph. compared to this where the lines are colored 
because in general it's like if you are looking at it from a very- you know- from 
way out here [zoomed out fo VIZ A] it's very hard to tell what is red or what is 
yellow unless there is a super concentration so you will see extremes but 
anything between extremes you have no information at all so for example 
you can see over here there is abit of the yellow of over here you can see 
theres more red, over here there is move red, overhere is more red, but 
those are more extremes like this is yellow and this is mostly yellow. 
Everywhere there is a mix like over here there's kinda no information to be 
had and you kinda have to pay attention and look through pretty closely to 
see what is happening even at the extremes. 
P4: Where as for this [switched to viewing VIZ B zoomed out] where if you 
look at it from even super far out, it is very easy to see to have a good 
gradient and that average really helps, so It's very obvious that this is red 
from afar. it is very obvious it starts red, gets yellow, goes orange, this is abit 
yellow then goes orange then goes red then it goes yellow then it goes 
orange. So it's like you could kinda see the general level of excitement as the 
player progresses through the level but this is like you don't know what the 
player is feeling most of the time. so the heat graph is way better int this than 
the other one. Having said that..
I: How would you improve upon each of the viualisations?
P4: The heat graph- i would basically take the icons and heat graph from this 
one [viewing VIZ B] and i would make like- in terms of the movement i like 
these smooth lines better- these curvey lines [viewing VIZ A]. 
I: Okay.
P4: [switched to VIZ B] These like look-  it's very hard to tell when players 
diverged so this graph it's very easy to see what is the most commonly drawn 
path is becasue the line is super thick and that's nice, but having said that if 
you look at this graph [switch to VIZ A], it's very easy to tell where like when 
players split up and how many players go in a certain path whereas for here 
[switch to VIZ B] if you see like this, this is kinda like a mess of lines like swiglly 
lines so it's very hard to tell , if players double back it's very hard to tell and if 
players aren't going on a single path, it's very hard to tell which path players 
take. Like even here for example, even when there's generally two paths this 
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I: Is it becasue of the smoothness of the lines in the previous visualisation 
[refering to VIZ A]?
P4: I'm not entirely sure if it's the smoothness of the line or if it's like the 
number of the lines. I think it's becasue of the number of the lines.
I: I see. So it's hard to tell how many people took the path.
P4: Yeah. essentialy with this one you can see a bunch of lines which is nice 
[Viewing VIZ A]. where as with this one [viewing VIZ B] because the lines is 
just getting thicker and it's trying to average a bunch of the lines it's kind of 
hard to tell at what point do we get seperate lines. Like how far away do 
players need to be to get a seperate line and how many players is how thick 
of a line. 
I: Can you think of any ways that this could be improved?
P4: Potentially yeah, so it might be.. i'm trying to think.
I: No worries take your time.
P4: Yeah for sure.
I: So you said like it's hard to tell when the lines begin to diverge because 
there is not exactly a threshold that's specificed or how many people took a 
seperate path. 
P4: Pretty much yeah. Also there's groups of data that aren't very important. 
Like this is a very messy section of blue but in terms of the information it 
gives us it's basically people went from here to here and took slighly differing 
paths which is not you know super important as far as i can tell. There is not 
much actionaly stuff we could do based on that information. 
P4: This is also pretty messy with the number of lines its not very clean either. 
So maybe i was thinking maybe if there was some way to have perhaps like 
more broad nodes where like here if you had i'm not sure if i can draw on 
this. Can I draw on this?
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P4: I have an idea. You can seen my screen right?
I: Yes I can.
P4: So i'm gonan take a screenshot of this. Can you still see my screen?
I: Yes I can.
P4: Yeah so in this, if you have- so like here i'm just going to like assume that 
down here it's going to be like a copy of that. So we have in terms of really 
important data we are looking at it's basically, let me just use blue as well. so 
it's basicaly like node here jump, going straight, maybe a jump here maybe a 
jump there, there is like a jump here, another jump here, it looks like boop 
boop boop... [connecting blue node with lines on screesnhot drawing]
I: To have more like spaced out nodes?
P4: And like here it's very obvious for like there's information to be had. we 
basicaly go here and here is like then here there's essentially- then you have 
like a thick line go underneath and a thin line go up top. Like this, this bottom 
rough sketch that i've kind of drawn is very easy to see from far away as to 
where players are moving. And it's not as messy as the top graph but it gives 
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I: Yeah I understand what you mean.
P4: Yeah. That might be a bit better. In terms of the number of players, the..
I: So less of the messy jumps right next to eachother, 
P4: Yeah maybe have like broader like there is some variable that is used to 
determine how much difference there needs to be between points. Maybe 
that variable needs to be bigger. And then maybe in the nodes in terms of 
how far away do we create nodes.
I: That's true.
P4: Maybe that can just be straight out further with like general lines in 
between and then you just smooth the lines so it becomes instead of this 
[refering to current screenshot drawing] so you have like this is super sharp 
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I: Yeah.
P4: Right, it looks like a very pretty nice graph to look at and a very 
informative graph to look at. 
I: Awesome this is really good input thank you
P4: So that might be better. In terms of the number of players going through 
each path i don't know if that's- I think that's pretty important. But I don't 
know if that's hugely important I think maybe might be useful whenever that 
graph sepeprates because if basically all players are going down one path or 
one drawn path it's not hugely important. But whenever the graph seperates 
into two seperate path maybe at the seperation they should have, like at the 
seperation over here it should have a number of like i don't know. 7, 13, 
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I: I see. So put a number to the-
P4: Yeah, some ratio of like how many players go this way versus this way. 
I: Do you think- so that's good you actually answered a little bit of my 
question that I was going to ask now. If there was any sort of data you think 
was missing from the visualisation or any redundant data you think shouldn't 
be there.
P4: Yeah so it's kind of already answered so like some of these squigly lines 
are kind of worthless, that could be a giant blob for all we care, right. 
 I: Mhmm.
P4: But in the- so the number of players going different paths it's kind of lost 
here, the number of players going this way and this way is kind of lost.
P4: And then in the earlier thing i drew with the more speratic nodes one 
thing that might be lost if you did it that way is where players have more 
speratic paths like this is like a blob [refering to green circle on right of image 
below] and it's very different from like let's say this path over here where 
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I: That's true yep.
P4: So maybe there needs to be some kind of i don't know, some kind of line 
or somethign that indicates that hey everyone is doing exactly this or there is 
a more broad feel and we are kind of averaging it out. 
I: I see okay.
P4: Something, some kind of information to say wher eliek you know how 
close are we to the this exact point. kind of thing.
I: Was there anything else you feel was missing as well? You also mentioned a 
death icon. 
P4: Yeah the death icon that's really important for like mario.
I: And you talked about the two icons, the speeding up adn i forgot the name 
of the other one.
P4: Yes, so..
I: So you think it's abit redundant to have both?
P4: I don't know if it's redundant i just don't understand it. So builds up speed 
and racing forward, in the context of mario i don't understand it. Because as 
far as i coudl tell like there's not a huge build up of speed in mario as far as i 








appendix c : transcripts 152
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
not moving, you are moving, and you are running. So there's like three speed 
levels. 
I: Yeah that's true.
P4: but if you are playing a game that has that it lets people build up speed 
persay, then it should be relevant. 
I: That's true
P4: But yeah.
I: Which visualisation in their current state would you prefer to use?
P4: In their current state, definitely 1, B. [viewing VIZ B] 
I: Why?
P4: Just because I think the icons and the heat graphs are much more visible. 
Like the player movement is abit better on this one [switched to VIZ A] But 
that's not- to me it's not as important because you can still see player 
movement in this one it's just not as clear [switched to viewing VIZ B]. 
I: Mhmm that's true. And what did you think of the aethetics of the 
visualisations?
P4: This is prettier in a weird way [viewing VIZ A].
I: The individual lines?
P4: A, yeah. A is prettier than B. But B is still not bad.  It's not ugly.
I: Why is it prettier? Is it because of the smooth lines or?
P4: Yeah I think it's becasue of the smooth lines. I think if you took A's- i think 
if you took B's graph and you just like smooth draw these nodes then i think 
just by that that would make it way way prettier. 
I: Awesome.
P4: But maybe i'm wrong. I don't know. I'll have to see.
I: That's true. In a future study.
P4: Yep.
I: Was there anythign else you wanted to add? Becasue I'm done asking you 
questions about these two and what you can do now is refer back to the 
survey to complete your- basically you are gonna just to rate those two 
visualisations again as you did in the first step. But was there anything else 
youw anted to mention before we move on from these two.
P4: Sure. I think actually- looking at the icons in terms what icons are really 
relvant or what icons i think are really relevant. I think avoids enemies it 
might be better to actually. cause there aren't many enemies to this . and this 
kinda depends because there arent too many enemies and you can see 
individual enemies like over here [check image below] ]there is like a turtle 
there it might be better to have like an icon of some kind of indicator on 
individual enemies indicating this enemy was avoided so many times or this 
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I: Oh do you mena like- when you explained that i thought you ment put an 
icon showing where the enemy is, but you also want some data how many 
people avoided-
P4: So for exmaple let's say this turtle over here, theres a turtle over here, if 
that turtle was avoided a whole bunch rather than having an avoids enemy 
action just be like the turtle and it's like I don't know it has some indicator on 
it which is basically this enemy was avoided a whole bunch.
I: Yeah i see what you mean.
P4: Because then basically you can even have there was one place where 
there was two goombas side by side but maybe the first goomba is always 
avoided but the second goomba is always stomped, then that becomes more 
instresting then a general icon of avoids enemy somewhere over here. 
I: That makes sense yeah. I'm making a note of your input. This is very 
intereting thank you for your comments.
P4: Yeah, because there are a few enemies this is more interesting becaus 
then you can get more relevant data for individual enemies. if there is a 
whole bunch of enemies if there is swarmes of enemies like depending on the 
game then maybe these icons would be better per like zones, maybe there is 
room of enemies number one and room of enemies numebr two and you can 
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P4: Obviously if you have individual icons that gets messy fast. So depends 
but here i think it coudl totaly work because there are a few enemies as far as 
i can see. And then apart from that i think everything here is pretty good. 
I: Awesome. 
P4: And the same for avoids enemies could be the same thing for avoids 
powerups. Like there aren't that many powerups so you can have much more 
focused data oround individual powerups you know like you can be like this 
powerups was avoided so many times or spawned so many times you can 
even have information like. Let's say there is a powerup over here as an 
example, and let's say they keep the powerup for that long before they lose 
it. then maybe that is interesting information. 
I: That's true
P4: You can see roughly how long players will keep the powerup for. And you 
can have some kind of graph like that like you know very little players got to 
this far where a lot of players go to this far. 
I: That's interesting to see yeah. That's really awesome. Great input. If there 
was- Did you have anythign esle youw anted to mention?
P4: No, I'm jsu tthinking in the context of mario. Cause i remember playing 
some mario and i'm like what would be interesting information for mario.
I: So when you are ready you can head back to the survey and you will be able 
to rate each of the visualisatiosn again and there's still one last link to share 
but it shouldnt take too long as well. 
>>>STAGE 2 DISCUSSION ENDS<<<
>>>STAGE 3 DISCUSSION BEGINS<<<
P4: Yep.
I: Great so I sent the last link. So in this one youa re actualy going to see three 
new versions of the aggregated visualisation. B is the one you already 
explored then you have C, D, E. So what I'm going to ask you to do now is to 
take a looka t these four and let me know if you are able to spot or notice any 
differences between them. 
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P4: Obviously if you have individual icons that gets messy fast. So depends 
but here i think it coudl totaly work because there are a few enemies as far as 
i can see. And then apart from that i think everything here is pretty good. 
I: Awesome. 
P4: And the same for avoids enemies could be the same thing for avoids 
powerups. Like there aren't that many powerups so you can have much more 
focused data oround individual powerups you know like you can be like this 
powerups was avoided so many times or spawned so many times you can 
even have information like. Let's say there is a powerup over here as an 
example, and let's say they keep the powerup for that long before they lose 
it. then maybe that is interesting information. 
I: That's true
P4: You can see roughly how long players will keep the powerup for. And you 
can have some kind of graph like that like you know very little players got to 
this far where a lot of players go to this far. 
I: That's interesting to see yeah. That's really awesome. Great input. If there 
was- Did you have anythign esle youw anted to mention?
P4: No, I'm jsu tthinking in the context of mario. Cause i remember playing 
some mario and i'm like what would be interesting information for mario.
I: So when you are ready you can head back to the survey and you will be able 
to rate each of the visualisatiosn again and there's still one last link to share 
but it shouldnt take too long as well. 
>>>STAGE 2 DISCUSSION ENDS<<<
>>>STAGE 3 DISCUSSION BEGINS<<<
P4: Yep.
I: Great so I sent the last link. So in this one you are actualy going to see three 
new versions of the aggregated visualisation. B is the one you already 
explored then you have C, D, E. So what I'm going to ask you to do now is to 
take a look at these four and let me know if you are able to spot or notice any 
differences between them. 
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P4: B and C seem almost identical. Oh I see.. that's more >> stringated? 
(unintelligible)<< Oh they are all like white tipped. Much softer in C than in B, 
Okay. Where as in D I would say it's more squished. 
I: What do you mean by squished?
P4: Like the colors are blended between different nodes much more like here 
you have very individual nodes [refering to VIZ B] you can see the colors, you 
can see the lines between them. Here- In D the colors are much more 
blended together.
I: Exactly yeah, so there's two areas
P4: With more averaging.
I: Yeah so we have blending so I think blendeing between the GSR values I 
think you will notice it in C and E I think. 
P4: Yeah, way noticible.
I: Do you notice anythign else?
P4: Give me a second. [accidently refreshed page]
I: Oh and I forgot to mention that all these 4 visualisations are from the same 
level, so it makes it easier. 
P4:So it's interesting to me that- oh i think D and E, the heat graph's opacity is 
constant while in C the opacity is based of the number of travels.
I: Yeah that is the second difference. So do you prefer visualisation that have 
like no transparency like where the opacity is all the same or where they have 
transparency depending-
P4: I prefer the transparency. I guess it would be nice to have it be a toggle. I 
don't know. It woudl be nice to see it on and off but the transparency is more 
important that means from a high level whenever players traverse a path a 
lot less like for example there is this spot over here [viewing VIZ B low 
transparency spot (spot 1)], that spot is less important eventhough it is's high 
arousal to let's say thatt spot [viewing VIZ B high transparency spot (spot 2)].
I: How come?
P4: Because more people travel through this spot [refering to spot 2] so this is 
more likely to affect more players like it's still good to know that this is high 
arousal and you can see that if you look at it but from the prespective of like 
hey you want to make decisions that affect the majority of your players then 
this high arousal spot[refering to spot 2] in general i think is more important 
than this high arousal spot[refering to spot 1]. Or- yeah basically that. 
I: Awesome. What about the visualisations do you prefer them with the 
blending or with the shading of colors or without that. 
P4: Without it. Without it is better.
I: So you prefer it in B and D I think than the shading that happens in C and E? 
I'm jsut makign sure.
P4: Yes just because i think the blending makes everything end up being 
avearage at least with these blending whites, there could be different 
blending whites but with these blending weights like in C for example it's very 
hard to tell what is necessarily super spicky in terms of arousal. And maybe 
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over here. C is just a blend of different colour whereas in B and D you can see 
it's a high arousal spot from a bunch of players and i think that's better 
[refering to VIZ B]. I think B is still the best out of all of these.
I: So you would rank B as the best visualisation?
P4: Yeah pretty much.
I: What about the second best?
P4: I would go with B, D, C then E. 
i: B, D, C, then E. So why did you decide to rank them that way.
P4: I think the lack of blending colors is more important than the opacity. So, 
B and D don't blend their colours too much so that's better but then having 
opacity is also better. So B is the best becasue it has the both. It has the 
opacity and it does not blend. D does not have opacity but it does not blend, 
so it's better. C has opacity but blends. And D does not have opacity and it 
blends Oh sorry - E, E does not have opacity and it blends, so E is the worst. 
I: Perfect. So you answered all my questions. And before- Cause there is still a 
part of the survey that you needed to comepletye Was there anythign els 
eyou would like to add?
P4: Nope that was abotu it.
I: Okay when youa re ready continue with the survey and it should have- so 
you wil lhave to rank each or rate each of the visualisations you say except B 
because you already did that in a previous step. 
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<<<STAGE 2 DISCUSSION BEGINS>>>
P5: Cool.
I: Awesome. So what we are going to do now is basically discuss both of the 
visualisations. So i'm going to ask some questions and get your input on them. 
The first question is in your opinions, what are these visualisations trying to 
commmunicate?
P5: They are basically sort off communicating different players like 
experiences with each level so in some cases you will see where they messed 
up or what sort of actions they take and also the arousal state just for like i 
guess the level of excitement at certain points. So i feel like it's a good way of 
extracting a general idea of like the pacing and kind of how people are playing 
the level basically. 
I: Awesome. So imagine you are working on a platformer game like this,  is 
there anythign interesting you see in these visualisations? 
I: That might be helpful if you were the one developing a platformer game. 
P5: Oh yeah absolutely. like i think specifically like the icons and even like the 
levels of arousals are very important cause then you can sort of see like 
where certain points of the level are exciting so to speak or which parts are a 
bit more dull and the icons are pretty useful too cause you can see specific 
user actions at certain points. I can definitely see myself wanting to use this 
when I'm making a platformer game and just getting a general idea as like 
how the levels sort of work out. [viewing VIZ A]
I: And are you able to get a sense of what needs to be fixed or editted in the 
game?
P5: Yeah I definitely have a bit of like a general sense you will see like certain 
areas where like people sort of die. And I think there's even like a note here 
that's like this person didn't realize they could run or something so I think 
that's like definitely super useful.
I: So what I'm going to do now is give you some tasks and see how you do 
with the tasks basically. So the first oen is- And you will do the tasks for each 
of the visualisations. So the first one is do you get a sense of where players 
may have gotten high levels of frustration. And it's okay if you can't spot 
it.That's fine. Just a general questions. 
P5: Oh sorry.
I: Oh sorry, can you hear me well?
P5: Oh sorry I just got like 10 text messages. 
I: Oh okay. 
P5: Sorry could you jsut repeat that?
I: Do you get a sense of where players may have gotten high levels of 
frustration? And we will start with the current visualisation you are viewing. 
And it's okay if you don't have answer. That's fine. 
P5: [viewing VIZ A]Right off the bat, I can't really see. I mean there were like a 
couple of spots you see clearly someone died here and there was one spot 
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run. But atleast in this level specifically like i'm not- actually i take that back i 
mean you can kind of see areas where you can keep staying in certain areas 
and i could get a sense of like areas of frustration from it.
I: And what about the visualisation B? So the second link? Do you get a sense 
of where players may have gotten high levels of frustration and oh by the 
way, they are both different levels.
P5: [switched to viewing VIZ B] Okay, I feel like i see that a little less with B 
just cause I think like even this one is like sort of like a more generalized 
version of the previous visualisation. so it's sort of- I feel like you just kind of 
see a general path as apposed to areas of specific frustration with this one but
that could also be becasue I'm not looking at it as i'm supposed to. 
I: Okay. And do you see where players may have died? 
P5: With visualisation B I can see like a couple of spots like here you kind of 
see some people probably died here because the visualisation is a little light 
there [check image below] but I feel like it's a little less clear than this one 
[refering to VIZ A] where you specifically just see that someone oh that 
someone very clearly died there and like here aswell [refering to that lines 
falling down the map in VIZ A]. 
 
I: Do you see where players players had trouble making a jump?
P5: Yeah I actually like literary this spot that my screen is at right now, you 
could kind of see that the players had trouble making a jump there.
I: And what about the second visualisation?
P5: I feel like it's not as clear right off the bat with visualisation B. I mean you 
could kind of see areas like here and stuff but I feel like my focus is on the 
main path with visualisation B so it's abit more difficult to parse some things.
I: And do you see where players may have ignored powerups?
P5: Yeah.. I remember seeing that with visualisation 1 / A but I can't 
remember specifically where in the level that was but I remember that being 
clear with the icons. I feel like with visualisation 2, it's abit easier because the 
icons grow in size depending on the amount of times that's happened but 
with visualisation A i feel like i need to actually go back and look through the 
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 I: Sorry I'm just making notes.
P5: Oh no worries. 
I: And do you see where players may have diverted from the majority path?
P5: I feel like- give me a sec to look this up. Yeah, I feel liek it's very- I feel like 
it's kind of clear with visualisation- oh wait- I mean with visualisation B i feel 
like I kind of see the general path that all players took but you can kind of see 
where maybe they strayed from the actual course sort of like up here where 
it's a little lighter and you can kind of see that . You can kind of see that in A / 
1. But I feel like it's abit- I feel like it's abit more abvious in B. 
I: Okay.
P5: Yeah, I will go with that.
I: Sounds good. 
I: And- so back to just to discussion questions. Do you use these types of data 
in your game development? Or have you seen something similar to these 
before?
P5: At the moment we don't use these in our game development, mostly 
becasue we don't- we don't necessarily- we haven't really worked on any 
games that would- that are sort of level based like this so we haven't used it 
in project like ours specifically yet. But i am familiar with these tools and I 
actually ended up making one of these tools for like a project aswell. So yeah 
I'm quite familiar. 
I: Just a quick side note question. The companies you've worked at, have they 
been small companies or I guess large companies like more people? Is it indie 
studios or-
P5: Yeah it's more of an indie studio.
I: Okay.
P5: But we will basically take work from bigger clients
I: Oh I see, okay. 
P5: if thaty makes sense.
I: Yeah.
P5: So we are kind of more like contractors if that makes sense but the studio 
itself is definitely like very small and kind of like more independent i think 
there's like 20 or 30 people total.
I: Okay that makes sense. Yeah i'm just making a note of that about your 
background.
I: So thinkking of your current game development project, how can this 
visualisation help? or how the data can be visualised in your game? It's an in 
your opiniopn question.
P5: Sorry can you repeat that last part.
I: Yes. So thinking of your current game development project. How can this 
visualisation help you? So how can the data be visualized in your game and 
it's jsut liek an general in your opiniopn question. 
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P5: The most recent one that we've done was more like- i'm not sure what 
the best way to describe it. I guess it's sort of like it was more like a weird 
combination of like fruit ninja and a weird like an essay kind of answer 
question thing cause it was like an educational game for kids. So I actually find 
it a little difficult imagining using this tool for this project specifically. 
I: I see, okay.
P5: But I could see us potentially using it to like track the position of the 
player's mouse. To see if like the players are like getting or focusing at the 
task at hand or they were looking at other thigns in the scene and stuff.  I 
coudl still see a use for this project but I think it would be more useful in more 
like a platformer or a game that is more about environment exploration type 
stuff.
I: Awesome. So back to just talking about the visualisations. Could you think 
of any ways that the visualisations could be improved? So eacg one. If you 
have any input on them.
P5: [viewing VIZ A] ]Yeah,.. It's a little bit difficult to say, I mean I think my- I 
feel like this is actually actually maybe part of how this tool works but I think 
being able to just focus on one player's session or just focusing on one line so 
to speak in this visualisation would be very helpful because sometimes you 
just sort of seeing it all like this is a bit messy and it's a little bit difficult to 
parse right off the bat, you need to like look in and actually see what's going 
on like to understand. 
I: Yep.
P5: [switches to viewing VIZ B] With this one I feel like this is much easier to 
parse right off the bat, but it is much more generalized. So I think you can 
kind of use both in a good combination. Yeah I find it a bit difficult to think of 
anything else that would be- how to improve it though to be honest.
 I: Okay.
P5: Yeah.
I: No worries. 
I: And is there anything sort of data that you find is missing from the 
visualisations? Or anythign redundant that shouldn't be there?
P5: just sort of double checking the icons [viewing the icon legend].
I: Yeah no worries. Take your time.
P5: I felt like I mean i feel like even these icons cover a good amount of what 
you'd want. I guess the only thing i would maybe include was like- I didn't 
actually see anythign that specified dying from an enemy or anything that 
would actually indicate that. So i actually just realized that it's maybe 
something that is a little difficult to figure out from this visualisation. That's 
really all that I can think of.
I: Yeah sounds good.
I: And in the current of the visualisations which one would you prefer to use?
P5: To be honest, I would find it- I think it would actually be best to use them 
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good generalized look at how thigns are and I think that can give you some 
good feedback but then if you want to get- but I also think it's good to get a 
bit more specific with visualisation A so you could look at individual runs or 
such.
I: Yeah sounds good.
P5: So yeah that's kind- I think both are useful together.
I: Okay. 
I: And last question, what do you think of the aesthetics of the visualisation?
P5: I think the aethetics are good in a sense like you know you get a sense of 
what is happening especially like with the line visualisation one [viewing VIZ 
A] you see okay there the arches clearly represent jumps or whatever. I think- 
I mean I feel like this is probably something you can do with this but I think it 
would just be useful to have different colours just cause like red and yellow I 
think- I mean like this is more just an accessibility but like i know that like red 
and yellow can be a little difficult for people with certain colour blindnesses 
so to speak. so being able to change the colours would be the only really 
useful thing. I also find aethetics aren't necessarily super super important as 
long as they are getting the point across atleast for these types of tools.  Yeah 
I think that's fairly what I have to say about that.
I: Awesome thank you for your input. Was there anythign else you wanted to 
add before we continue? I will ask you right not to traverse abck to teh survey 
to continue but was there anythign else youw anted to add?
P5: No I think that was it.
I: Okay perfect so what you can do now is rate both of the visualisations one 
more tiem and once you are done there is one last link I will send you, we will 
discuss that and we should be done. 
P5: Okay.  
<<<STAGE 2 DISCUSSION ENDS>>>
<<<STAGE 2 DISCUSSION ENDS>>>
P5: Alright.
I: Awesome. I'm sending you the last link now it's going to be in the same 
format but this time there is just 4- we are just looking at 4 visualisations of 
just aggregated data and they all have some differences so what i'm going to 
ask you is to have a look through them and maybe see if you can notice any of 
those differences. The one at the top is the one you already saw so 
visualisation B, and there is 3 new ones. 
P5: Okay cool.
I: And ofcourse if youa re unsure of anythign or have any questions let me 
know. 
P5: [switched to the survey tab]
I: So before you rate, we will just dicuss the visualisations a bit. 
P5: Yeah.
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good generalized look at how thigns are and I think that can give you some 
good feedback but then if you want to get- but I also think it's good to get a 
bit more specific with visualisation A so you could look at individual runs or 
such.
I: Yeah sounds good.
P5: So yeah that's kind- I think both are useful together.
I: Okay. 
I: And last question, what do you think of the aesthetics of the visualisation?
P5: I think the aethetics are good in a sense like you know you get a sense of 
what is happening especially like with the line visualisation one [viewing VIZ 
A] you see okay there the arches clearly represent jumps or whatever. I think- 
I mean I feel like this is probably something you can do with this but I think it 
would just be useful to have different colours just cause like red and yellow I 
think- I mean like this is more just an accessibility but like i know that like red 
and yellow can be a little difficult for people with certain colour blindnesses 
so to speak. so being able to change the colours would be the only really 
useful thing. I also find aethetics aren't necessarily super super important as 
long as they are getting the point across atleast for these types of tools.  Yeah 
I think that's fairly what I have to say about that.
I: Awesome thank you for your input. Was there anythign else you wanted to 
add before we continue? I will ask you right not to traverse abck to teh survey 
to continue but was there anythign else youw anted to add?
P5: No I think that was it.
I: Okay perfect so what you can do now is rate both of the visualisations one 
more tiem and once you are done there is one last link I will send you, we will 
discuss that and we should be done. 
P5: Okay.  
<<<STAGE 2 DISCUSSION ENDS>>>
<<<STAGE 3 DISCUSSION BEGINS>>>
P5: Alright.
I: Awesome. I'm sending you the last link now it's going to be in the same 
format but this time there is just 4- we are just looking at 4 visualisations of 
just aggregated data and they all have some differences so what i'm going to 
ask you is to have a look through them and maybe see if you can notice any of 
those differences. The one at the top is the one you already saw so 
visualisation B, and there is 3 new ones. 
P5: Okay cool.
I: And ofcourse if youa re unsure of anythign or have any questions let me 
know. 
P5: [switched to the survey tab]
I: So before you rate, we will just dicuss the visualisations a bit. 
P5: Yeah.
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visualisations?
P5: Yeah so I mostly just noticed some differences of how the aggregated like- 
I almost want to call them like heat maps
I: Yeah that's fine.
P5: like I noticed this one had a bit more jeez I'm actually having trouble 
describing what the changes are exactly but I do see the changes. I guess 
there  is a bit more opacity or whatever with the one [viewing VIZ C ]
I: Is it the colour?.. Yep.
P5: [viewing VIZ D] And this one is much more felt like just the different 
colours in there segments where as [switched to viewing VIZ E] this was more 
just like blending the segments together.
I: Exactly.
P5: I almost want to say like generalized so to speak.
I: Yeah.
P5: So those are the differences that I identified.
I: Yeah so there's visualisations that have difference in opacity and ones 
where the - basically the colours are blended. Do you have a preference of 
having a visualisation with that opacity or transparency or have it completely 
opaque like in i think it's in visualisation D where they are all at the same 
opacity. 
P5: I actually- I like the opacity specificially for this one [viewing VIZ C] and i 
think it's also the same up here too in B [switched to viewing B] but i like the 
opacity just because it shows you the paths that less palyers took or fewers 
players took better.
I: What do you mean?
P5: Where as the other ones actually just kind of show the main paths and the
lesser taken paths equally.
I: Oh okay. 
P5: But that's sort of what I- I think i liek the opacity more jsut for that. 
I: And what about having vis- Do you prefer visualisations with that blending 
or just completely flat colors? Like you see the individual colors. If that makes 
sense.
P5: Yeah, hmm.. I'm nto a hundred percent sure which one I prefer more to 
be honest. 
I: So I think it's like between visualisation D and E. I think E the colors are 
blended and in E you see like segments of colors specifically.
P5: Yeah.. I think I might like the segments more. I'm actually quite unsure. I 
think they are quite good. I think the blended one I like more. I'm a bit 
indecisive on this.
I: No worries. 
I: What I will ask you to do now. Was there anythign else you want to add?
P5: No I think I'm good.
I: I will ask you now to navigate back to the survey and rate each visualisation 
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based on what you liked. So we will rank them in order.
P5: Okay.
P5: Alright cool. 
I: Awesome. So we will navigate back to the last link I send you. And so my 
question is which visualisation do you prefer the most and why?
P5: I think I like C the most
I: Okay.
P5: [viewing VIZ C] purely becasue I think the opacity I think makes it a bit 
more clear where like the most used route is. [switched to viewing VIZ E] 
Where as the other ones sort of don't have that so I feel like it's a bit more 
harder to parse kidn of like the main path. Like I know we still have the 
thickness of the blue line [switches to VIZ C] but I do feel like that slight 
opacity kind of just makes- just sort of emphasizes that blue in the main path 
a little bit more and I thnk that's a bit more important to being able to 
understand the data on a visual level. Yeah I think I'm going to go with C.
I: C? Okay. 
I: And which one do you prefer second best basically. 
P5: I mean I'm either going to be with B just because it has the opacity or I 
would go with E jut because the blended shading is better, but yeah I think 
my second best would be a tie between E and B.
I: And if you have to choose one.
P5: If I have to choose one, okay I will go with B. 
I: Okay, but I will make a note that you liked- I guess you liked them 
similarly?..
P5: Yeah I mean I both liked them for different reasons but I feel like both 
reasons are kind of important equally. 
I: So why did you like B? 
P5: I liked be mostly just because the opacity. I jsut think it's an easier way to 
clearly see where the main paths that plaers took was. 
I: What about E?
P5: E, What I liked about that was that blended shading of the paths. I feel like 
it's just an easy way to be like okay this yellow area was low area where this 
jump over here was a high arousal probably cause players thought they were 
going to die.  because they couldnt see beneath them. So that's sort of what I 
liked about the blended stuff.
I: So I guess this puts D in the last ranking. So why did you like D the least?
P5: I don't like it mostly because fo the segments. 
I: Why?
P5: I'm trying to like figure out why I dislike the segments. I'm not too sure 
how to articulate that. 
I: That's fine. 
P5: Yeah I just don't like the segments I guess.
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aesthetics? You like-
P5: I think it might be an aesthetics thing actually even though I said earlier 
that aesthetics aren't important.
I: That's fine you can definitely- you don't have to stick to one answer right. 
P5: I think it migth eb the aesthetics of it that I dislike. 
I: I'm jsut making a note. Was there anythign else you wanted to mention 
about the four? Any other comments you had?
P5: No I think I'm good.
I: Okay perfect. 
I: So there was jsut one question I forgot to ask you. In the second phase. So if 
you could navigate back to visualisation 1 or 2. Could you name what you 
liked or didn't liek about each visualisation?
P5: Yeah, so visualisation B just since I have it open. What I liked is how they 
sort of grouped the icons together. I specifically liked how if a lot of events 
happened, the icons would grow in size. So you could sort fo see the 
importance of them. I liked that you kind of get a better idea of whre the 
main path was based ont eh thickness fo the line and also the opacity of the 
shading. So I do like that quite a bit. With visualisation A it's messier to read 
but I do think it is useful to be able to see the individual players like playouts 
though the level so I still think visualisation 1 still has importance but I think 
it's a bit mroe difficult to parse overall. Yeah so that's it.
I: Yeah perfect. Okay, Awesome. 
i: So just before we end the study there is jsut one more question int he 
survey and we should be done.
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>>>STAGE 2 DISCUSSION BEGINDS<<<
P6: Alright.
I: Awesome. So what we are going to do now is I will ask you some questions 
to get your input on the two visualisations that you've seen and we will 
discuss them basically. So the first one is, in your opinion, what are these 
visualsiations trying to communicate?
P6: What they are trying to comm like?..
I: Yeah, like what kind of data can you - what are they trying to show you?
P6: What they are trying to show you is the player pinpoints as they hit 
different portions of it. The moments of sort of excitmenets or increased 
stress levels as they are going through it.  So those are kind of moments of 
tension as it's going through. It's trying to determine and trying to show 
different pieces of , it's trying to show places where playes failed, it's trying to 
give feedback to a specific given feedback if it was spoken as it was going over 
it. And also the type of abilities or types of challenges that players, like the 
challenges and the ways players dealt with it and also the method in which 
they did in some cases in case of things like button mashing and things of that 
sort. 
I: Yeah perfect. And imagine you were working on a platformer game like this, 
is there anything interesting you see in the visualisations?
P6: The interesting thing- the first thing I look at is the trouble making jump 
points in trying to determine how much that is through- like essentially how 
much of it is it players skill versus level design versus- then trying to get an 
understanding of sort of frustration levels at that location. Also the types of 
challenges that players able to previously navigate versus the types of 
challenges that they clearly had trouble with. I think that also the pathway 
information is really helpful just because it gives you an idea is there a need 
to make those pieces of content or those areas of content more interesting 
and more appealing to players or is there a benefit like for an A/B method 
sort of of them going through that and also look for- are their specific 
psychological keys like oh this particular section is more warmly lightened and 
that's why players are moving towards this area or things of that sort. 
I: And can you get a sense of what needs to be done or fixed from these 
visualisations?
P6: Yeah you'd get an idea of some of the different things you would want to 
look at and you would sort of talk through as you look at this. Some of the 
interesting part for me is that the this sort of the galvanic skin metric stuff is 
an interesting sort of take compared to what i've seen. it isn't something i've 
seen as often and that sort of seems-.
I: What do you mean by that? Like haven't seen it being used or the way?
P6: Yes haven't- When I've gone through this particular thing that isn't a type 
of test i've seen
I: Oh okay. 
P6: Or so seeing that sort of that peaks of stress levels in those particular 


















appendix c : transcripts 168
[ September 4, 2019 at 14:41 – classicthesis version 0.1 ]
something I haven't been as aware of. 
I: Oh okay. What I'm going to ask you to do now i'll give you some tasks and 
see how you handle them basically pointing out sections in the visualisation. 
So the first one is do you get a sense of where players may have gotten high 
levels of frustration? And I'm asking the same question for both visualisation 
so we'll look at each one. 
P6: [viewing VIZ B] So I get that sense and I think that's a part of that sort of 
this sort of this stuff that we were just talking about like you see places where 
there's multiple failures in a certain situation everytime that there is stacked 
up like in the first response like as you're looking through you see kind of 
different places where there's 6 failures or 5 failures and in other places 
which are much more prevalent like the 17 failure points. And those are 
points that are really thigns that you kind of want to look at and see if that is 
pureposeful design or if that's mistaken design and sort of where you want to 
land the difficulty. makes sense?
I: Yeah yeah perfect. 
I: And what about visualisation A was it, the second link.
P6: [viewing VIZ A]The visualisation A is better for visualizing each individuals' 
particular runs, but it's a little more difficult to see the aggregate data just 
from the mean from the run. I prefer the other one slighty just not a great 
deal more slightly just- I like it just because the other one gives more of an 
overall shape with outliers shown and this is just sort of their places which 
makes this a lot more difficult to read like in the first section is a place where 
it gets a little more difficult also with like icon stacking and things like that it 
makes the information that I would want to pull from it a little more difficult 
to use.
 I: And where you able to get a sense of where players may have gotten high 
levels of frustration inthis particular visualisation?
P6: [viewing VIZ A] I get a little sense of it but less than the previous one. I 
think the first one is a little more clear, you can see failure points in this but 
sort of the clarity of this is lower than the previous one.
I: Awesome and do you see where players may have died?
P6: [viewing VIZ A] I do see some pain points of where players may have died 
like sort of see the lines going off and things of that sort and also you can see 
sort of failure points in the icons and once again i don't find quite it clear as it 
appears to be in the individual run so.
I: And what about- are you able to see player deaths in the previous 
visualisation (refering to VIZ B)?
P6: I get a sense of player death a little bit- it's- player deaths here it's you can 
see it in the sort of blue lines falling and locations and also- if I'm correct- 
trouble making jump. It's a little less drawn out especially given stuff like 
when players encounter monsters and things of that sort where there deaths 
are. I guess it's a little less clear in this but kind of see by looking at sort of the 
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sense but I think that the other one is a little stronger better for straight falls 
than this particular one. 
I: I see.
I: And do you see- I guess you kind of answered this where players had 
trouble making a jump. I guess are you able to get a sense of that in each 
visualisation?
P6: I can. [viewing VIZ B] I think that visualisation 2 is probably a little bit 
easier to see because of the way the data is sort of aggregated rather than 
kind of each individual line giving that information in visualisation 1. But both 
of them give you the information but I think that the clarity on visualisation 2 
is a lot better for me personally.
I: By 2 you mean the aggregated?
P6: Yes the aggregated. 
I: Okay perfect. And do you see where players may have ignored powerups?
P6: Yes in both cases you can kind of see where they had actions for it and 
they made decisions on it just given the sort of paths that they went through. 
[switched to viewing VIZ A ]I think that's a little clearer on the individual one 
just because you can see where people who made those specific choices like 
you can see once or twice people backtracking to get that sort of stuff. You 
can get like kind of an overall idea that people may have done that in the 
other one but it's a little less clear.
I: And do you see where players may have diverted from the majority path?
P6: In both cases, yes I think they both do a decent job of kind of showing 
where that is. Yeah.
I: Awesome. So I will go back to more discussion questions.
I: So do you use these types of data in your game development or have you 
seen something similar to these before?
P6: I've seen things similar to this before. Currently my day to day job I do 
not. I'm working on an older game so these aren't types of testing that we do 
currently. This was done in the infancy in the beginning or the project but i'm 
working on a live project that's been alive for more than a decade. So we do a 
little of this type of work.
 I: Oh Okay.
I: So thinking about your current game development project do you feel like 
having these visualisations would help or how can this data in your current 
game be visualised. 
P6: The visulisation would be a little more difficult but is capable of doing so. 
Just becasue it is in a more of a 3D space. That information is absolutely 
useful and is really super nice to have it if you have access to it or if you are in 
a place that you can do it. We just currently- we are a smaller studio we don't 
quite have much time. If we were to do- if we were working on a newer 
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I: And which visualisation do you prefer and why? And I think you might have 
mentioned that. 
P6: Yes I prefer the aggregate data just becasue it goes over- it gives you little 
bit's and pieces of information in the individual but I think the clarity is a alot 
higher than in the individual pieces.
I: And can you name what you liked or didn't like about each visualisations?
P6: [viewing VIZ B] What i liked the most of the aggregated view is the 
number of times individuals were confronted with a problem in each of the 
things and the way that stacks and I also like the size of the path is telling you 
what was the most commonly taken path and I think that's a little easier to 
read and it's a little more viable. You can- while you can see outliers I think 
that the individual version or visualisation does a little bit better job of 
showing where each individual person had other pain points or ran into 
something or had trouble. I think the individual also shows failure locations 
and things of that sort with a little bit more clarity. 
#00:25:41.0#
I: Can you think of any ways that the visulisations could be improved? 
P6: [viewing VIZ A] Well it really depends on how the individual- like how 
these are represented like In the case in the individual visualisation, one of 
the things that would be great in this particular case is that if the image itself 
was interactable and you could select which specific one you were going 
through so that you could group or show a block of them so you could see the 
one set fall in a certain path that would be really useful cause you could kind 
of see okay this is one set of data and where did they go and then kind of 
more seperate the specific pieces of data. 
I: Could you rephrase a little bit. I didn't quite understand what you meant. 
P6: Okay the individual pieces of data if you essentially had a listing of all the 
different individual pieces of the run let's say there's 20 to 30-
I: Oh like per user?
P6: Yeah per user. And if you could select individual users and display only 15 
or 12 users.
I: Oh like filter basically?
P6: Yeah
I: I see. 
P6: Doing filtering for that. On the visualisation 2 [viewing VIZ B] there's a 
little bit more muddiness, I would like a little bit more clarity on sort of those 
specific frustration points on where people are interacting sort of like where 
the stress levels are. For these specific pieces just because it is aggregated it is 
a little less clear. So It is the nature of the beast but I don't know much of 
what you could do. The other things would be a little more clarity where 
individuals died or if someone died so having a more realiable simble for that.
I: I see. Awesome.
I: And is there any sort of data you feel may be redundant and shouldn't be 
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P6: [viewing icon legend then switcvhed to viewing VIZ B] I don't see much 
that I consider to be specifically redundant, I think a lot of the information 
given you get a better idea of sort of where they are at specific challenges and
what people are doing at those locations. The only thing that might be a little 
redundant- no actually that is pretty straight forward. I think in both cases 
that's sort of what I see and kind of feel.
I: And if you had to use one visualisation which one would you prefer to use 
and why?
P6: I would probably prefer to use the aggregate just because it gives me a 
little clearer picture on the aggregate decision points of the group of players. 
While I find the individual does one or 2 things a little more affectively, I think 
that the aggregate is easier for me to read in this particular case.
I: Awesome.
 I: And what did you think of the aesthetics of the visualisations?
P6: For the most part, they did what they were supposed to the only thing I 
would say is the aesthetics of the aggregated visualisation of where there 
were stress points  and thigns of that sort is a little more muddy and is 
probably a little more difficult to read in cases where there's larger groups of 
things happening.
I: Do you mean that because they take up more area- more of this level like 
a-. 
P6: Yeah they take a larger section of the level and I understand that that is a 
part of the visualisation tool to sort of expand in locations but it muddies a 
little bit up of the level itself so sometimes the level pieces are a little tougher 
to read because of it.
I: Awesome. So what i'm going to ask yout o do now is refer back to the 
survey and basically rate each visualisation one more time and when you are 
done there is just one last part of the study it's the last link i will send you and 
we will discuss 3 more visualisations and we should be done. 
P6: Okay sounds good. 
>>>STAGE 2 DISCUSSION ENDS<<<  
>>>STAGE 3 DISCUSSION BEGINS<<<
P6: Okay.
I: Perfect. So I jsut sent you the last link. And it's using the same website but 
this time you wills ee thee addition of 3 new visualisations. Visualisationg B is 
the one you already saw but there is 3 new ones. So what I will ask you to do 
is to haev a look at the 4 all toegther and let me know fi you can spot any 
differences that you notice among them.
P6: Am I supposed to zoom in to take a look or am I supposed to use the 
larger view.
I: No no you can zoom in and look at detaisl for sure. 
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P6: [viewing icon legend then switcvhed to viewing VIZ B] I don't see much 
that I consider to be specifically redundant, I think a lot of the information 
given you get a better idea of sort of where they are at specific challenges and
what people are doing at those locations. The only thing that might be a little 
redundant- no actually that is pretty straight forward. I think in both cases 
that's sort of what I see and kind of feel.
I: And if you had to use one visualisation which one would you prefer to use 
and why?
P6: I would probably prefer to use the aggregate just because it gives me a 
little clearer picture on the aggregate decision points of the group of players. 
While I find the individual does one or 2 things a little more affectively, I think 
that the aggregate is easier for me to read in this particular case.
I: Awesome.
 I: And what did you think of the aesthetics of the visualisations?
P6: For the most part, they did what they were supposed to the only thing I 
would say is the aesthetics of the aggregated visualisation of where there 
were stress points  and thigns of that sort is a little more muddy and is 
probably a little more difficult to read in cases where there's larger groups of 
things happening.
I: Do you mean that because they take up more area- more of this level like 
a-. 
P6: Yeah they take a larger section of the level and I understand that that is a 
part of the visualisation tool to sort of expand in locations but it muddies a 
little bit up of the level itself so sometimes the level pieces are a little tougher 
to read because of it.
I: Awesome. So what i'm going to ask yout o do now is refer back to the 
survey and basically rate each visualisation one more time and when you are 
done there is just one last part of the study it's the last link i will send you and 
we will discuss 3 more visualisations and we should be done. 
P6: Okay sounds good. 
>>>STAGE 2 DISCUSSION ENDS<<<  
>>>STAGE 3 DISCUSSION BEGINS<<<
P6: Okay.
I: Perfect. So I jsut sent you the last link. And it's using the same website but 
this time you will see thee addition of 3 new visualisations. Visualisationg B is 
the one you already saw but there is 3 new ones. So what I will ask you to do 
is to have a look at the 4 all toegther and let me know fi you can spot any 
differences that you notice among them.
P6: Am I supposed to zoom in to take a look or am I supposed to use the 
larger view.
I: No no you can zoom in and look at detaisl for sure. 
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I: So what differences or can you identify any differences you've noticed?
P6: Some of the differences are sort of the transparency on indivdiual pieces 
seem a little bit different. I think I can look at B and C compared to D I 
[unintelligible] is one of the major differences also sort of color pallete 
choices you can see that D itself uses a sort of stronger method what colours 
are being used, C uses- it looks like it's a more gradient system of when it's 
going from one obejct to the next while B uses solid colours. C uses less 
defined borders compared to the other ones which as you can see sort of in 
these locations. [viewing VIZ E] That information is sort of mundged and so 
it's a little more of a- For E, it's a little more of a general overview in shifting 
from one place to the other. 
I: Yep.
P6: I think that that's most of the changes but I probably missed a little bit.
I: No no that's great. 
I: And you mentioned some of the visualisations having that difference of 
transparency or opaqueness. Do you have a preference? Do you prefer a 
visualisationt that has different transparency like in C or do you prefer where 
they are all oqaue as you notice in D so there's no difference in transparency.
P6: I prefer C. I like the transparency cause it kind of gives- it sort of gives you 
a little more- a little clearer sense of sort of the intensity at those locations. if 
you're given the sort of center section between the two of them [viewiong 
the two center sections as VIZ C and D] you can see it's easier to show specific 
spots which are higher in the stress level like in here [refering to VIZ D] it gets 
a little muddier here compared to where it is here [refering to VIZ C]
I: What do you mean by- you mentioned intensity..?
P6: Becasue of the transparency, when the transparencies themselves stack 
to a certain point you can see like I can readily see that this area right here 
[refering to VIZ C]  had a higher level fo stress compared to this [refering to 
VIZ D] and all kind of the same kind of level of intensity like these are all the 
sort of the transparency because it just stacks and sortof stays static. Like this 
information is a little easier to read [refering to VIZ C]. 
I: I see.
I: You also mentioned some visualisations having that blending of colours so 
like i think you notice that in E where there is no discrete blocks of the colours 
the orange yellow and red so that's like the blending. Did you have a 
preference- do you prefer the visualisations with that blending or shading or 
jsut having- like in E or having discrete or flat colour was it D as well- YEP In D.
P6: I prefer the discrete just becasue it gives the information a little clearer 
while E like visually is a little more appealing I jsut think the information that I 
get from D is a little clearer just because i have an understanding of this 
specific location of where this happened when there is sort of a muddy 
transition it's a little tougher to tell [viewing VIZ E].  
I: I see. So before I ask you to go back to the survey was there anything else 
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P6: I think I prefer C out of all of them but that's about it.
I: Okay I will ask you now to go back to the survey and rate each of the 
visualisations you've encountered. And once you are done we will basically go 
through the 4 of the visualisations and rank them based on your preference 
and we should be done with the study. Awesome.
P6: Sweet. 
P6: Alright.
I: Great. If navigate back to the link I sent you with the 4 visualisations, you 
mentioned that you prefered C the most. Can you tell me why?
P6: Because I prefer the transparency- the transparency and alpha on the 
individual pieces more than I do D and I prefer the distinct pieces rather than 
the sort of gradient running together in E and so I prefer that. 
I: And which visualisation would you rank second best?
P6: Of those 3 probably..
I: And you can take your time. 
P6: I would probably say D.
I: And why?
P6: Once again the discrete portions i find a little more informative than the 
sort of the mudging of information. 
I: And what would you rank third?
P6: Was this supposed to include B or no?
I: Yes including B. Do you need to adjust your ranking?
P6: Then I would go C then B
I: Okay.
P6: Then D then E.
I: Okay so C, B, D, E.
I: So why would you rank E the last? OR why did you like E the least.
P6: Becasue of that discrete information. Because of the seperate sections 
being pushed together with color sort of the color kind of giving that 
information.
I: And you find that-
P6: It's a little muddier.
I: And it was hard for you to extract the data?
P6: A little mroe difficult to extract the data, yes.
I: Awesome. 
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>>>STAGE 2 DISCUSSION BEGINS<<<
P7: I just completed the second one so.
I: Perfect. So I guess we will talk about them now. Now it's my turn to ask 
you- what do you think the visualisations are trying to communicate?
P7: The first one is multiple players travel paths I suppose throughout a game. 
sorry, throughout a single session during a play session. And in the second 
one it looked like it was an aggregate not exactly an average or a weighted 
average or a weighted distribution of where people where going in the level is 
what i was able to gather from it. Like so a thick line for instance would be 
most if not all players went from this path or this direction. Where a thin line 
meant some players went this way or that way and the area surrounding the 
line in that regard was as it was described was the player arousal level. Hmm 
what else. So what I found was the thicker the line was the more
I: Yep.
P7:  was also the more- less see through I suppose is better. The thinner the 
line the more seethrough the arousal level was and the thicker the lines so 
the more people went through, the more opaque the colour was. 
I: Yeah exactly. Perfect.
P7: Yeah that's what I got. 
I: And- so imagine you are working on a platformer game like this, is there 
anything interesting you see in the visualisations?
P7: It's always nice to- so from both of these visualisations you can kind of get 
a feel of how- what paths people are going on because even in the most- 
even in the one with every path laid over it, it can kind of tell you everyone is 
going here where as the aggregate oone tells you the same information but 
with a bit more information I suppose with it like the thickness of the line 
actually tells you more. I can imagine if you had a lot more players running 
through this, eventually there becomes a point where having everyones line 
no longer becomes helpful because they are both going to appear as if they 
are thick or sorry not thick so this would be for the individual.
I: You can refer to the visualisation by the way if you want
P7: Yeah actually. 
I: Yeah sorry of it helps you explain better
P7: Yeah, yeah no that's a very good observation. 
P7: [viewing VIZ A] So I can imagine this one for instance as soon as we scale 
it up all these lines dont really mean that much because there is just too 
much information density so this isn't going to scale up well at all with large 
amounts of players. [switches to viewing VIZ B] Where as this one absolutely 
scales really well like here you can see it doesnt matter how many people are 
going to be running through you know doing this jump you know every single 
person did this jump where as [switch to viewing VIZ A] if you look at a similar 
jump here you know everbody made that jump but if there is an alternate 
path option like here [refering to VIZ A diverging paths] you are eventually 
goign to get a point where let's say it was 50 50, it's not cause we can see that 
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went here and landed, there paths are goign to be so similar that we aren't 
going to be able to really notice that. Where as [switch to viewing VIZ B] in 
another situationt hat might be a 50 50 like let's say here [refering to VIZ B 
diverging paths] we can clearly see that okay majority went this path where 
only a few people went here
I: That's true.
P7: And that's really only a problem when we scale this up like super high. 
I: So do you think you can use these visualisations to get a sense of what 
needs to be done or fixed in the levels?
P7: So i'm not sure what's trying to be tested in these two levels necessarily 
but I would imagine that I could do that so it depends what is being tested like
for instance if we are looking at where people are falling like alright so this is 
level 7[viewing VIZ A] and this is level 5[viewing VIZ B] so this one comes first 
but let's say alright by level 7 you don't expect people to be falling and dying 
in these kind of simple pits so if you have a lot of people that you see this trail 
that kind of goes down there okay one part- two people did it here, three 
people did it here [refering to lines falling off the map in VIZ A] within the first 
three jumps, 3 people failed that's maybe not good, within the first- sorry 
within the first 4 jumps you have 5 failures now, and at level 6 that's maybe 
not something you want- you expect to be good at or sorry it's somethign you 
expect your players to be good at so you don't expect them to be falling 
where as level 5, okay like i don't actually know how many players went and 
fell here [refering to fall in VIZ B] but it's not many so that's something so this 
one [refering to VIZ A] can actually give you the exact numbers where you 
may not be able to necessarely get that here [refering to VIZ B].
I: I see.
P7: but again this one [viewing VIZ B] just scales better when you are looking 
at a thousand people maybe playing a level you don't care if it's people 5 
people you care maybe if it's 5 percent of people cause that's just the scale 
you are working with and that's okay that's just something to kind of be 
aware of that's all.
I: Awesome.
I: So i'm gonna- right now I will ask you to basically i will give you some tasks 
and I will see if you are able to point out anything so the first one is do you 
get a sense where players may have gotten high levels of frustration?
P7: So just in the first one or in both of them?
I: In each one yeah in both.
P7: Alright. so I can see just based on i'm using mostly the color guide here 
[viewing VIZ A] that high sense of frustration it looks like some people where 
like very aggetated or maybe not- frustrated necessarily but people were 
anxious here cause it looks like it's you know a long platform with a single 
roaming enemy and maybe they weren't anticipating that. I see a lot of 
people with the same high arousal levels that make this jump but I don't think 
that was frustration necessarily. I think that's just you know high intensity 
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I: Would the icons be useful in this case?
P7: The icons? Like..
I: Like the ones displayed in the legend.
P7: Oh like these. [panned to view icon legend]
I: Yeah sorry that's what I meant.
P7: Yep yep no worries it's like trouble making jump for instance, yeah I 
suppose my question is does the trouble making jump based on where it is 
that makes me think it's the trouble is where they landed as opposed to 
where they started and that makes sense. So that's probably a frustrating 
point for someone and they made a jump and they landed- that would be a 
frustrating moment. Probably whenever somebody went back for coins a lot 
that most likely a frustrating moment. In this case, I feel like going-  these go 
backs like we landed here like where my mouse is and set back a small 
amount so that's not a huge amount of frustration, I don't think.  Where as if 
it was like these somebody went back and got them that would be an amout 
of frustration. Pretty much I would think anywhere where these icons show 
that a player went back or had to double back that would be an amount of 
frustration anywhere where there is like a lot of failed jumps there would be 
frustration like here a few failed jumps, went back to an enemy just to go 
back and kill him that's not frustration that's catharsis that feels good usually . 
I: What about the other visualisation?
P7: [switched to VIZ B] So for the other visualisation, in this sense I don't think 
that the jumpping back is out of frustration casue there is 4 item blocks and 
people wanted to go back. But- and this is probably my only problem with this 
visualisation right now so i'm not intimitately familiar with the level design so 
having like high opacity cover up some of the level makes readability 
somewhat difficult, so there is an enemy here for instance and it's kind of 
difficult to see that. So here we see that these people skipped the enemy I 
think, yeah- compleltely avoided the enemy and that helped me find that the 
enemy was here [refering to the avoid enemy icon]
I: I see, yeah.
P7: [viewing VIZ B] Here I don't think that this was a frustration [refering to 
going back for coins], went back to kill the enemy [refering to going back to 
enemy icon].
I: What about- do you see where players may have died?
P7: [viewing VIZ B] In this one I see deaths here, failed jump, I'm not sure if 
there is an enemy on that platform oh sorry this is tricky jump i'm, not sure if 
there is an enemy here. Wherever there is enemies i assume that a player 
could die but something that could be more helpful for me to understand 
player death is actually just a location like a skull that says player died. So 
understanding where playes are having difficulty jumping is very useful just 
from a level design prespective and maybe that's the difficulty that we want 
to have like I like this area it forces the players to go over top and it's a real 
good test of how well they've been jumping and if you fall it's not too bad you 
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if anyone ever lands in this area they are not going to be too happy about it.
I: Yeah.
P7: And there's two kind of minor enemies here but as far as I'm aware i don't 
know if anyone actually died in this area as a result of that and again I see one 
death here and that's a pit fall and i know someone has to die there where as 
i dont have that information anywhere else. Like here [refering to line falling 
off map in VIZ B] I have that information, I see a few people actually died 
cause that's a thicker line but I don't see where people died as a result of 
these jumping enemies.
I: What about the other visualisation? I think it's A.
P7: Yep. And is- sorry what was- where people are dying?
I: Yes. same question.
P7: [viewing VIZ A] So it kind of follows the same, I can see individual deaths a 
lot more clearly like one two three people are dying but simply due to this- 
like this isn't- I don't know how many players are actually playing this.  I can 
probably take a guess if I look at the end and just see how many people or 
you know made this jump cause that's a jump that you need to make. I can 
see one, two, three, four, five, six, seven, eight. Right. And I'm again taking a 
guess at that. But with only 8 players so I don't know who died here, 
wherever the enemy is. I think it's a problem with maybe both visualisations 
but i can see the individual offscreen deaths for single players perhaps a bit 
more clearly. 
P7: I'm not sure where- so whenever a player lands let's say if they land and 
they walk right into an enemy, the line will walk it will scan along the bottom 
and i won't really be able to see it- that's jsut- i mean that could probabaly be 
an icon that could fix that more than- that's something that the tracking- 
sorry that the lines need to necessarily show. Cause the lines show me when 
they fall off and that's helpful but when they necesserrily tough an enemy and 
die that way. Like I could see one like right here end like just where the 
mouse is so i know someone died at that exact point but that kind of abrupt 
line end isn't really visible like I see it here becasue it's open but if alot of 
people landed there then that's just not something that I would be able to 
see.  
I: I see yeah.
I: What about- do you see where players had trouble making a jump?
P7: [viewing VIZ A] Yes, so kind of I guess. I'm trying to look for examples with 
the tricky jumps. So we do have the tracker to say where tricky jumps was. 
which kind of highlights some things so I could see it anywhere where 
someone falls that's a tricky jump. They kind of failed in that sense and 
anywhere the tricky jump tracker is, that they- it was hard I could also maybe 
think that high arousal jumps might be tricky whether or not  they are actually 
difficult but they are- player preception is that they are tricky. where like this 
for instance i mean you have a lot of room to make that jump so mechanically 
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the illusion of being tricky because it looks big. So as for actually tricky jumps 
versus things that makes the player feel tricky are good. And here I can see a 
few failed jumps well is see a player jump and hit- they time it wrong and they 
come back down
I: Yeah.
P7: And that's just due to the higher wall like that's maybe a little bit tricky 
but i don't think it's terribly-
I: What about in the other-
P7: [switches to view VIZ B] Yes so in the other one, let's see tricky jump. so 
this one just due to the amount like player data so we scale up the icons here 
so i'm assuming this is a case where we scale up the icons.
I: Yes. 
P7:  based on how many more people have it. So we see twelve people had a 
tough time making this jump and 78 people were very cautious in setting up 
for the next jump and 6 peopele had a hard time here. So i'm able to see that 
same information it's coded in you know pretty much the same way but like I 
can instantly identify where the bigger problems- well maybe not even 
problems but where the bigger- where it happened to more people because 
it's literary a bigger icon like here a lot of people had a tricky jump so i'm 
trying to see what that jump was and again it's a little bit difficult maybe they 
are jumping over an enemy- i'm not sure there but it was a tricky jump so i'm 
assuming they maybe- i'm not sure it doesn't look like got caught in this 
corner because we don't have positional data in that corner
I: Mhmm.
P7: So that's maybe something I would have to look at like in an individual 
play session to see okay why- what did we code this as or why did we code 
that.
I: Good point. I'm also takign notes fo what youa re saying.
P7: Oh no that's fine.
I: What about do you see where players may have ignored powerups?
P7: [viewing VIZ B] Yep yep those ones are fairly clearly coded like here 
somebody skipped a powerup I can't see where the powerup is but I think 
maybe there's a block here or somewhere but if I were more familair with the 
level layout then I would be able to see that okay we know that there is a 
powerup here. And players skipped over it because again it's there and 
people skipped over that and a quick scan let's see where else they may have 
done it. A quick scan maybe shows us- maybe tells us the same thing.
I: And same question for the other visualisation.
P7: Sure yeah so it looks like that was the only spot that I could find right 
now. So just to go back to it, there. 
I: Yep
P7: [switch to VIZ A] And in the first one let's do the same scanning. Looks like 
somebody skipped there.
I: Good eye.
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through a lot of these for a lot of levels I would have missed that becasue 
there's nothing to really differentiate that icon from running back for a coin. It 
is- but that's the only one I can find but there might be more and I've just 
missed them aswell.
I: And last task. Do you see where players may have diverted from the 
majority path? 
P7: [viewing VIZ A] Yeah okay. So in this- so for this one i'm pretty much only 
looking for cases where there's going to be one or two lines. Here's a division 
which probabaly isn't because that's a death. But here only one person 
jumped up here, this is still kind of the main path, somebody died, then we 
have a bit fo a split so some players went up and some players went down so 
that could be either way. Don't really know what the main path is in that 
regards but nobody saw these coins and tried to do that jump which is an 
interesting thing. 
I: Mhmm.
P7: And there we have a very >>hue?<<- only one person by the looks of it 
went up to this top layer so we could see these paths but again that would be 
a bit more difficult when we scale this up. Like this one is- this was 8 people 
but if we had 80 people and the same amount of information we would have 
10 lines up here instead of one.
P7: [switch to view VIZ B] Where as on this one I could see that very clearly no 
matter how many players have gotten like everyone is going this way- we see 
some minor jumps like maybe somebody wanted to make that jump. Maybe 
if people want to that jump we can like incentivise that more by putting some 
coins up here. Here we see that very few people went down the bottom 
maybe that's because they failed that jump
I: Yeah
P7:  And mayeb not. Or mayeb they saw the coins and went back like this icon 
indicates because they got to this point the camera showed the coins and 
they said oh okay im gonna go back down and i'm gonna get the coins then im 
gonna get back up. But I can really easily see this no matter how many peopel 
ahve been playing like less people went on the bottom and more people went 
on the top. Oh although, maybe not went on the bottom because this is kind 
of a fail case but everybody needed to go on top and here somebody jumpe 
dup and managed to skip two enemies in this way. Oh sorry two people 
jumped up and managed to skip and enemy in that way. So that's kind of a 
clever thing and maybe that can be incentivise as a game designer by 
throwing a coin up here to tell people that they want to make that jump. And 
here very few people went up top maybe they saw that item instead of seeing
the coins so a lot of people wanted the coins the immediate i know exactly 
what this is so i'm going to get it. And it looks like so i see here where 
somebody jumped passed it and came back in but i'm not sure if that's 
actually a case becasue we dont have a went back for item coin over here or 
someone got the item then went back for the coin but it doesnt look like that 
happened.
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P7: But I can see that more people preferred the coins as apposed to banking 
on whatever this item is and without knowing what that item is, yeah that 
makes a lot of sense and okay i'm just gonna take those coins becasue in a 
mario style game an unknown block is usually just a coin not a poweup. And If 
it is a powerup- but if it is just gonna be a coin well we will go down here 
because we can get 7 coins so it's just a good value and see who went here 
and why they went here but yeah. 
I: Okay Awesome. 
I: So back to discussion questions. Do you use these types of data in your 
game development or have you seen something simialr to these before?
P7: So the visualisations of the level?
I: Yep.
P7: No not of the game i'm working on.
I: Have you seen somethign similar to it?
P7: In my professional experience?
I: Uh no in general. 
P7: Oh in general, well I mean i did my- so VIXEN was brandon's project but 
before it was brandon's project it was me and brandon's project. 
I: I see, okay. 
P7: So I'm familiar to the concept in that regard and i've studied- I wouldn't 
say numerous but i've looked a a few papers like this and pretty much 
anything that has a heat map does this at a very low level. Right like that's a 
very common visualisation for positional data like where people are exploring 
but nothing that shows like the thickness and density of how many people are 
in an area. 
P7: So for instance a game i play rainbow six siege there's occasionaly- or 
there was at one point a data dump and the devs on occasion released there 
balance nodes with respect to why things are happening so i think at one 
point they released data there's a lot of people dying in this one stretch and 
it's just like a heat map. 
I: I see yep. 
P7: Or it was like a location of player deaths and they showed that to the 
community and they said based on this we are gonna implement this change 
to the map. That's an example fo something that i have seen but it's not 
something that i've worked on yet.
I: Yeah that makes sense.
I: So thinking of your current game development project how do you think 
this visualisation could help or how could the data from the game be 
visualized?
P7: So on my game it's more about- It's like a tycoon style game, you are not 
going to be moving a single character throughout the level in nearly the same 
way however it doesnt mean the positional is invalid because there is still a 
camera that tracks the position on the screen so if we want to then consider 
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data for the camera and this would be if we were testing it it would not be 
something we would implement on a live thing
I: Yeah.
P7: Because that's it's a lot of data to do something of this scale. Like logging 
the camera position every action i'll say everytime that the player interacts  
not just when they move camera but whenever they do stuff. 
I: And your game is a mobile game?
P7: Yeah sorry it's a mobile game. So the thing that we could look for and 
apply in that regard- here actually would it be alright if I got a-
I: Yeah go ahead.
P7: Okay. [searches for the game on google] Just of what they- what the game 
looks like. Let's see if I can get a video. Okay yeah gameplay walkthgouh. 
[viewing video of the game example] Skip ahead, so I haven't seen this video 
before. So I think this was earlier footage but it accomplishes what i need to 
say. Yeah, where players- the characters do activities and tasks and you know 
different characters do different thigns. Like building in tycoon park, so here 
this is probabaly it. So you get to place bulding and stuff like that. So if we 
were ever to use that same type of visualisation we could see okay where are 
people
I: Panning around?
P7: Where is people's cameras when they are doing these actions and starting 
activities from and from that information we can probabaly get okay if 
nobody ever goes to this far away corner of the map then we can consider 
two thigns then either we want to bring people to that location.
 P7: And so we add stuff to incentivise them to look around the park more. 
And so the game has actually done something like that where they drop 
chests across the park that you have to go and find. 
I: I see. 
P7: And that's how they've actually accomplished that. Or we can consider it 
in a another where and that's okay peopel are never going to this spot, why 
do we have it? And then let's make it so no characters are ever going to find 
themselves in that location so that like characters don't spawn there or 
characters will ever pass there sbecasue if no one is ever going to be looking 
there what if somebody they need to tap and talk to is there. 
I: Yep. Yeah perfect awesome. 
I: Was there anything else you wanted to add about that. 
P7: About the game? I'm not sure. It's a very different style. [viewing VIZ B] So 
for something like this again I see a lot of it like  put phenominal 
implementation in the positional data and again the positional data is very 
important for this style of game. However, for my style- for the game i'm 
working on right now there's not as much important like i see the tags being 
very useful and the camera position is very- if we treat the camera as the 
player and we track the camera player position in this game then we get 
something similar.
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I: Do you have preference of which visualisation you prefer?
P7: [viewing VIZ B] I liked this one a lot just to scan through and for that 
reason alone this is so much better. Because okay what's the big problems 
like so super high level designer problems like let's do a quick scan through 
like okay a lot of peopel are havign difficulty with this jump and that's 
something that I can see, oh a lot of people are running back that's yeah 
because we put 4 coins, that's good. And then we keep scanning okay there is 
a difficult jump there, a lot of people are going very cautiously in the zone we 
want them to go cautious that's good it matches our design and you know 
that's the kind of thing that we could see easily where as on this one- 
[switches to VIZ A].
I: Yeah 
I: What about could you name something you liked or didn't like?
P7: [switch to VIZ B] Oh the one thing I didn't like about this is- so the denser 
the data is the more obfuscated the user- sorry what was it- the telemetry- 
the biometric data was right their arousal level like right here there is nothing 
behind it it's not obfuscated anything but like-
I: I see like the geometry of the level.
P7: Yeah yeah like and again if i were familiar with the game a lot more it 
would not nearly bug me as much. But It's just a very small thing like for 
instance I could see these like if they were coins a long this I wouldn't be able 
to see
I: Yeah that makes sense, yeah.
I: What about the other one?
P7: [viewing VIZ A] My big issues and big things I liked so it's one thing it's nice 
to be able to see the individual player paths but it's also bad because in this 
quick section right here i don't know who did what and if someone died here I 
don't know who that person was and that's kind of the same problem here
[refering to VIZ B] but that's not like I don't feel like this map wants to 
necessarily show me. This is about the overall player or sorry this is for every 
player. Where as this one [viewing VIZ A], it can also be for every player- we 
see a lot of jumps in this area because there is this enemy here and maybe 
they're trying to kill him and i can see a slightly elevated bounce which means 
they landed on the enemy. But like the same reasons that seeing an individual 
player Is good we very much lose that benefit as soon as we get to where we 
expect everyone to be like if I'm following a single player okay they all fall and 
spawn and that's fine but if I want to follow this one player I already lost him, 
like i see that one jump and then it might be someone else at that point.  
P7: [viewing VIZ A] So if I want to see an individual user, maybe like filtering 
that would be nice. The size of the tokens-
I: Oh what do you mean by tokens? Oh the coins?
P7: The-
I: The icons?
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I: Yeah no worries. 
P7: Yeah it's good to clarify cause they are small which helps when you are 
kind of analyzing an individual user, they had a difficulty there then a difficulty 
there and then oh they skipepd a powerup right and we can see that on an 
individual basis. But when we are jsut tryign to skim through to see the big 
issues it just kind of adds to the noise.
I: Okay awesome, yeah.
I: Could you think of some ways that the visualisations could be improved? 
Any input is fine.
P7: [viewing VIZ A] yeah so if I had to pick, so I guess for this visualisation 
where we see the individual paths, one thing that would be helpful is if I could 
click on- if I coudl like interact with this and just click on one user path and 
have all the other ones kind of be dimmed
I: Ah I see. 
P7: So that i could just look okay so this the one user path. Let's look at that 
one user path and I think that lends itself- that's potentially a very good 
strength in this visualisation because it lets you look at that individual user 
path. Something that might be beneficial is because we have these user 
paths, so these icons here, they could be aggregate but then we are getting 
into kind of difficult things. 
P7: [viewing icon legend] Maybe if we had these icons be diffierent colors or 
codified in different ways so anything that's about movement so these top for 
could be green or somethign right. And any item we are avoiding an enemy or 
it's an enemy related it's red. Maybe ignoring a powerup that's something we 
would highlight in pink or something just to draw attention to the fact that 
somebody skipped this why do we think they did that? Maybe grouping them 
in that way just to like have similar issues be like you know look that way. But 
again I see this more as an individual paths thing but to use this as a mass tool 
is kind of difficult in that way because a lot of information is compressed 
together and that makes it somewhat difficult to analyze in that regard.  
P7: [viewing VIZ B] For this one, my main issue was just the obfuscation and 
oh I guess for both of them something that I would like is just an icon to show 
where players died.
I: i see, yeah.
P7: Because that's something that we can know if it's being codified or that 
could be tracked in telemetry like x, y location of death.
I: Do you see that any other data may be missing from the visualisations or if 
there is somethign redundant that shouldn't be there? So you mentioned like 
maybe adding the player death.
P7: I'm not sure that's the only thing I felt I was missing.
I: Okay, that's fine-
P7: Okay actually now that I saw it, you have an ignore power up for any time 
people ingore it, I think it would be  just for compeleteness sake to whenever 
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I: I see okay.
P7: And if I weren't familiar with this level, I might to know like okay  like okay 
what is actually in this thing. And did people hit a coin block for instance. 
Maybe not a coin block, but hit this block so maybe more- maybe further 
divide the go back for coins / coin blocks.
I: I see. 
P7: It might actually be good to differentiate go back for coin and also go back 
for block because a block could be a powerup. And just from that prespective 
understand the player. Sometime if i'm playing mario i almost never go for 
coin blocks but i will run back for a powerup item if it's a level i'm familiar 
with then I know that there is a powerup thing but that's a familiarity thing 
maybe but I don't know that might be information that's helpful. Might be. 
P7: Let's see. So player deaths, skipping powerups, earning powerups. I'm not 
sure what else.
I: No no that's perfect. I'm not trying to force you to say something. I'm just 
asking in case you missed anything you wanted to express. So in the current 
state of the visualisations which visualisation would you prefer to use and I 
guess why?
P7: So that depends on i think the kind of study I would be running is the big 
thing. If i'm going to be running it with 2 people or maybe very small people. 
[viewing VIZ A] then I think this one is sufficient because it lets me really look 
at the individual player behviours and you know i do get a general sense just 
by scanning like okay  alot of people are jumping for the sake of jumping and 
it's very almost calm I would say and they are getting coins and that's good. 
And I kind of get some information that I need but I'm not seeing the player 
deaths with this scale but with a smaller scale I could kind of infer that 
information as it is. Oh like a line ubruptly ended, I think it was maybe here or 
oh there. So a line upruptly ended that's a player dying and with only 3 lines 
throughout the thing or something like that then that's a little bit easier to 
see. 
P7: And this one if i'm using a lot of people and I'm not actually sure what a 
lot of people is but I can say even with the 8 people and I'm a only assuming 
it's 8 i'm not sure. With the 8 people that ran this one actually it looks like it 
might be more. 1, 2, 3, 4, 5, 6-
I: Maybe cause people died on the way.
P7: And had to restart, yeah. So- but like even with- however many people did
this i can already see it's difficult to follow this. [switch to VIZ B] Where as i'm 
not sure how many people did this one but it looks like there's 20- I think 
that's 17 attempts  I don't know if it's 17 players, so let's just go get how 
many people got to the end.  I don't know I'm not sure that would be 
something I would know from a playtest. This gives me a bit more 
I: Do you think displaying the number of players in the visualisation would be 
useful? to differentiate.
P7: I think that would be helpful for both of them to kind of be aware what 
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report about this data so i'ts not as necessary for the same reason. It's 
something i'm curious about only because i'm looking and i'm seeing what 
could it be potentially be added to. And i don't know the context of the study 
either where as if i did have that information this would probably be you 
know great so if i knew for instance there were 10 users and every single one 
of them went back to get this coin and every one of them had difficulty here 
then that's really good information
I: So just to clarify you said you would use the individual visualisation when 
there is less people?
P7: Yeah much less like probably less than 5. Any more than that it's gonna be 
not gerat and anything more than 5 people, then probably the aggregate 
visualisation. 
I: Okay. Awesome.
I: And last question. What do you think of the aethestics ot the visualisations?
P7: I do like that both of them have like greyed out the player level [refering 
to the level background] it really helps the data on top show. [viewing  VIZ B] 
As for this one, the use of blue on top of the orangy red warm colors makes 
the blue shine, so it makes the data stand out cause they are opposite colours 
on the spectrum. I'm not colour blind, so I have good colour vision so i don't 
see an issue here. I don't think blue and any of the oranges and reds might be 
an issue who do have colour blindness but that would be something I would 
check. 
P7: [switch to view VIZ A] Here it's kind of the same, there's- it's easier to 
follow cause of the warmth of the colour and the fact that everything has 
been greyed out. And like you know here is a bright pink thing I can see that 
that's a good comments, here's the purple. Like all the information stands out 
except for the icons, they actually blend in because they are black and white 
and the level is in grey scale. 
I: I see. 
P7: [viewing VIZ B] Where as in this one, they actually pop really well because 
they are still black and white, but they are layed ontop of the colours so they 
stand out really well. 
I: Awesome. 
P7: Yeah.
I: Was there anything else you wanted to add before-? At this point I will ask 
you to go back to the survey.
P7: Yeah sure.
I: But was there anythign else you wanted to add before you continue with 
the survey?
P7: No I don't think so. I think I got all my points across.
I: Okay, awesome. Yeah you gave a lot of great input. So you can continue 
with teh study and now you will rate each visualisation again and once for 
visualisation A and once for B. And once you are done I will give you the last 
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>>>STAGE 2 DISCUSSION ENDS<<<
>>>STAGE 3 DISCUSSION BEGINS<<<
P7: Okay, I can continue the study.
I: Awesome, perfect. I sent you the last link.
P7: Oh yep.
I: And this time we are looking at 4 variations of the aggregated visualisation.
P7: Oh okay.
I: So what I'm going to ask you to do is take a second to look through them 
and let me know if you notice any differences between the 4. 
P7: Oh okay. [refering to B] So this is the one that's i'm already familiar with?
I: Yes, so you already saw B. And you have C, D, E that are new.
P7: Yeah sure.
P7: And am I supposed to note the differences as I see them or..?
I: Yeah go ahead. We can talk about them.
P7: [Viewing VIZ C] So I can tell right away that this one is- how the shading 
cells they are done differently. I'm not sure how much differently. So I still see 
the opacity for high density areas it's more opaue. I'm not sure-
I: That's true yeah the blending is different. 
p7: Yeah the blending is different, i'm not sure necessarily what the like it 
blends to white as well here so i'm not sure what actually the white is telling 
me so that's somethign that I noticed that's different.
I: So you've pointed out once thing: the blending which is basically instead of 
having discrete like red and yellow it kind of blends from liek red to yellow if 
that makes sense.
P7: Yep. 
I: There's another difference, one more.
P7: So this one is, okay i'm not very hard sections i'm trying- [viewing VIZ D] 
Oh okay alright this one doesn't have any opacity at all. And from difference 
from the first one it looks like the same colours it's just no opacity based on 
not thickness but amount of players that's what it is. 
I: And- so which- so what's the difference in total across all four. How- what 
do you notice
P7: Oh like what's being changes across all of them?
I: Yeah. 
P7: So it looks like the thing that is being changed across all of them is the like 
how the area around the the players is being rendered or blended or even the 
colours are chosen. 
I: So can you point out which ones- so you are looking at visualisation E here
P7: Yep.
I: And what do you- so you notice- what do you notice about the transparency 
and blending that's different?
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P7: So the first one is the base line[refering to VIZ B]. In this one [refering to 
VIZ C], it just it looks like we are blending a location based on i don't know 
perhaps the squares around it so that we get like maybe we get a more even 
idea of what the- cause it's not- like for isntance [switch to view VIZ B] here 
we have somebody who is very aggitated for instance that's jumping into a a 
somewhat aggitated area or here we have we kind of get a timeline of 
progressions of very very aggitated and then- well not aggitated what's the 
other word. 
I: Like aroused?
P7: Yes aroused. 
P7: [Viewing VIZ B] And then you know you can kind of follow that one 
through then here they get not so not so much. And here we have a very 
colourful picture of alot of emotions where as here [switch to view VIZ C] that 
one is blended a bit better to show that it is a few peopel who are doing stuff. 
[switch to view VIZ D] In this one the blending- there is no opacity.
I: I see.
P7: So here is sombody falling in and the fact that it's only one person doesn't 
change how red it is compared to all of these people. I don't know if there is a 
time of opinion of whether i like one more or not. 
I: Oh that's basically the last question I will ask.  So we are gonna rate- So you 
are going to rank them which ones you liked-
P7: Oh okay then sureI just wanted to double check. 
I: So yeah my next question is do you prefer visualisations with no- when it 
has transparency or when it's totally opaque?
P7: I definitely prefer the trasnparency ones cause then again it goes back to 
my issue of it's kinda hard to see the information but now that I'm seeing 
kinda all of these different examples, having low transparency really helps for 
kind of looking at- liek okay not many people like only one or two peopel 
went up here and if we are looking at maybe- if we are looking at people who 
we want to be looking at like the people who take the long way aroudn alot 
then this helps alot but jsut by showing the transparency it shows the same 
thing and at a glance we're kind of looking for the main path and the 
transparency really helps with that and to not have that transparency is 
somewhat difficult.
I: And what about- do you prefer those visualisations that have that blending 
or shading or when it's basically discrete colours if i should say in visualisation 
B?
P7: So I really like so so i like the idea behind the blending, it makes sense 
becasue it gives you that sense of progression throughout the level. Having 
said that, I think the implementation of it on all the ones i've seen so far has 
made me kind of prefer the solid colours, so just because you know we see a 
lot of corners kind of veer towards white and i'm not sure why that might be 
but that something that kind of almost attracts from the data it makes me 
think that something is else there when maybe isn't. But I do like the idea of 
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I: I see.
P7: In that regards, but if not, this same amount of information it kind of 
naturally blends itself in a manner of speaking if that makes sense like 
depending on how the function is used it might be okay to leave it as these 
solid colors because telemtry data is not going to jump from like i don't know 
what number super getting but it's not gonna jump- even if we are looking at 
hear rate it's nto going to jmp from 90 to 120 instantly it's a gradual change 
so having a blending helps represent that but having the hard data- the data 
itself is already kind of fuzzy so it's almost pretty blended in that regard.
I: Awesome. So these are my questions for this portion. I'm going to ask you 
to if you're ready and if there's nothging else you wanted to mention-
P7: Yeap, nope.
I: Go back to the survey and you are going to rate each of the new 
visualisations you saw so C, D, E. and when you are done I have my last 
question and we should be done.
P7: Okay, cool.
P7: Okay.
I: Awesome. So my question for you now if you go back to the last link I sent 
you. So which visualisation do you prefer the most and why?
P7: I do think it is actually visualisation B, so the first one.
I: Okay. 
P7: But I suppose the runner up is visualisation C, I do think the transaprency 
for like just for less people in the area is very helpful to see or it kind of just 
conveys a lot about the information. I know I was initially kind of having 
difficulty with the transparency on the thicker areas, but- so I understand the 
difficulty in designing around that but like seeing the low transparency on less 
traveled areas, very helpful.
I: Yep.
 P7: just cause again I'm thinking of this purely as a okay quick scan through 
the data- less people go here, makes sense. 
I: Yeah. 
P7: [viewing VIZ D] And here it is a lot. 
I: What would you rank below C? You said B then C and then what-
P7: And then C because it does the same thing. Probabaly then D then E, 
because the blending and how it kind of fades to white cause again that's 
probabaly my main issue it got that white fading near the edges becasue 
there is no data there right. 
I: And that's in E I think or was that C?
P7: [VIewing VIZ E] Yeah, E is probabaly my least favorite one just because it 
kind of- having the full transaprency- sorry not transaprency- having that 
standard value all the way across, it doesn't make it harder to read jsut less 
easier to read. And the blending to white just makes it a bit harder to 
understand whereas [switch to viewing VIZ D] the solid colours are a bit 
blocky maybe but they are very clear. 
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P7: Okay. 
I: Sorry I'm jsut taking a note.
P7: Yep no worries. 
I: so you can go back to the survey, there is just one question on the survey 
and this should be the end of the study. [finishing up the study]
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>>>STAGE 2 DISCUSSION BEGINS<<<
P8: Alright.
I: Awesome. So what we are going to do now is basically discuss both of the 
visualisations you saw.
P8: Alright
I: So the first question, in your opinion what are these visualisations trying to 
communicate?
P8: So What I can tell, they are trying to visualize one- a couple of things, one: 
what paths players are taking in the level, but also points of interests 
essentially and points of difficulty. So where a big jump might be is that an 
exciting jump is it a scary jump or is just like difficult, annoying, and 
frustrating. Also, where are interesting points like there where elements of 
like hey there is a lot of coins in this location, that's is interesting to me.
I: I see.
P8: Or players went back to get coins which implies that you know again 
something interesting or otherwise engaging for them to go. And then you 
know there was elements of- other elements of difficult that they pointed out 
which was i was dying here- or there's a lot of paths and traffic on a particular 
location for instance. 
I: And- if you were- imagine you were working on a paltformer game like this, 
is there anything interesting you see in the visualisations?
P8: Yeah, so the level- both levels had like instances of like multiple paths or 
opts to multiple paths, so that was one thing that was like seeing where you 
know which path people-
I: You mean like the route people are taking?
P8: Yeah
I: Oh I see, okay.
P8: Yep. So that's one thing that you can like pull out
I: So you liked how it was conveyed or-
P8: Yeah yeah so the fact that I could see more people where taking one path 
versus another. 
I: Oh I see.
P8: [viewing both visualisations side by side] Also like the you know- Like I 
mentioned the difficulty like where there where alot of icons or bigger icons 
of you know the people falling off the ledge kind of thing or lines pointing into 
pits like those again- that those again would be key points of like okay this 
might be particulary challenging and maybe that's good for a later level but 
you know if it's an earlier level that's one incentive like hey this would be a 
drop off point. 
P8: Also another thing I could see- I could extract from it would be how the 
overall pace and temple of the level cause there was also.. 
I: Can you explain that a little bit more?
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being careful so like seeing how many times they were trying to build up 
speed versus how often they had to stop versus slow down. That would give 
me a sense of again how fast people are trying to get through the game and 
depending on the type of game that we were making if it's supposed to be 
fast paced, and a lot of points of them stopping or being careful, that would 
break the flow.
I: Oh I see. 
P8: Or vice versa.
P8: Other elements that I would be able to pick out of it where- would be you 
know enemies like where they trying to kill enemies or killing them more 
often of making things more difficult. That is more elements that I could see 
being useful and things like that.
I: Okay.
P8: I didn't see a lot of it, but I so- I could see the usefulness of it like of the 
confused icon like hey you know in a game- in a platformer with a lot more 
paths or precise puzzle solving or jumping alot of- or a point where there is a 
lot of confusion  or lines jumping around, and players would try all sorts of 
things that would be you know a point- in one of the visualisations
I: Which one?
P8:  B. 
I: Oh okay.
P8: There was a- It was just after a jump- oh you are looking at my screen. 
I: Yes, yes perfect.
P8: So like right here for instance [check image below], you know something 
that I could pull from here is players- aside from not being able to make the 
jump to begin with  from this icon. But this decline tells me yeah they knew 
what to do with the jump and they knew how to take the jump.
 
I: Aha yep.
P8: And Then the thick line here means once they got the jump they were 
able to go on and procede but the fact that there was not that strong and 
consistant line connecting here like there's essentially 2 or 3 diffirent paths 
implies that- tells me or kind of implies to me I guess that they can make the 
jump but how they accomplished or how they finalized the jump would vary a 
little bit that might be a good thing, that might be a bad thing depending on 
like additional context in the level. Like I think I see there is an enemy there 
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jump but sometimes maybe the timing was off or they adjusted mid way 
through the jump to be like oh god there was an enemy, I didn't see it and try 
to adjust to that.
I: I see, okay.
P8: And that's interesting to me because that again depending on the type of 
game if it where a game you know it's kind of like a speed runners game 
where you are supposed to have this nice and clean path not- and this kind of 
branch would be- might be underserible because it implies there is no single 
path that you can optimize for but in a whimsical game or a game where 
there's- it's kind of about about the exploration and the platformer so as 
apposed to pure speed and that's fine because that implies that you know the 
jump is easy but the landing which the actual difficult part is hard because of 
the game
I: Ah okay.
P8: And also again it's just that hey if we remove the enemy then that might 
make that easier cause it reduces that branching factor.
that's true awesome. Great input.
I: So I have some other questions, but if you have more to add as we are 
going on feel free. If we haven't discussed that- if you have somethign to add 
and we haven't discussed it, feel free to let me know. So can you- so  you kind 
of answered this but I just want to make sure if you had any other comments. 
Can you use these visualisatiosn to get a sense of what needs to be done so 
basically if there is an issue with the level design would you know how to fix it 
?
P8: Yeah absolutely like i feel like these would- i could pull information from 
these to make decisions whether it's to- let's make this harder or let's make 
this easier or even if it's just to like hey we need to shuffle these levels 
around. For instance [viewing VIZ B], in this particular visualization for 
instance one thing i notice right away the starting point of the level is a lot of- 
liek the dark red it's an exciting part of the level which is interesting to me 
because if this was say an early level in the game that might be a bad thing 
cause players are just getting used to the game, they are just getting used to 
what's going on. Putting them in oh god you are going to die might not be the 
best thing to do unless for like dark souls or whatever. 
I: Yeah.
P8: But that's dark souls.
P8: But yeah other things like you know this part right here [check image 
below] where it's like seems complicated like you know you are going back 
and forth and there's all these little things but the fact that the people 
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I: Mhmm.
P8: And you know in general the pathway there is this solid pathway through 
it implies that it looks intense maybe perhaps but from the players actual 
behaviour it wasn't actually intense which is interesting to me because hey 
then there's interesting things we can do to make them feel or to think that 
crazy is going on even thought the are not in any danger.
I: I see.
P8: And likewise you know things like here [check image below] where you- 
right off the bat you can see that everyone pretty much made the jump or 
actually everyone made the jump like no one- and they did so with a lot of 
room to spare and no one got close to dying. But you can see that there's a 
lot of arousal there, a lot of excitement there and that's like to me that's an 
interesting point and thing cause hey you know back over here it's much 
tighter spaced you know each jump is much more precise so this is like this to 
me feels like this tells me hey this is a nice essentially climax/ cooldown point 
of a level. You build up all this tention and oh my god it feels like this intense 
jump, but in reality you got it and this is your reward so you could feel 
awesome. 
I: That's true, Yep.
P8: So that would tell me hey we probably don't want to change that you 
know to me that's what we are shooting for cause that to me is a big moment 
of the level that's like you did it kind of thing. And again emphasized by the 
fact that the remainder fo the level is relatively straight forward it's not too 
exciting there's a couple of little intense spots but for the most part like that 
was your big moment that's like you know you mastered the level so you feel 
like you've mastered the level.
I: Yeah, that's a great observation. 
P8: So that gives me a sense of that hey this whole spot fits fery well as the 
end of the level cause you are building- you ahe this climax point you haeve 
this cooldown, theres no real need to challengee the player unless we want 
to. 
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Cause they are different levels, I'm not sure if you had- if not, that's okay I just 
wanted to see if you had something to add to this one as well.
P8: So by comparison, like that- in terms of the question of like things I could 
see about changing or things that would make me want to change would be 
like by comparision in this level, you have have the same kind of climax jump. 
This is a tough jump, we can see that based on the number of people jumping 
in and the thought bubbles and things like that. But the difference is here a 
lot of people missed the jump or a decent number of people which says- 
which if this was a harder level or a later level in the game that migth be okay 
because we want to challenege the players. On the other hand, if this was 
early on, to me this would be to me a warning sign like hey there is a decent 
number of people getting to this point and either they don't know what to do 
or they don't know- we haven't trained them what to do or how to solve the 
puzzle so they are just dying and you know. 
I: Yeah.
P8: In a non test environment, where maybe they don't feel like they need to 
keep trying longer than they have to i could easily see that this is a point this 
is too tough i don't want to play the game you know put it down, go away.
I: Yeah.
P8: so that would be- this would be a point of where like hey where is this 
level in context this may be a point where we may need to do something kind 
of thing.
I: That's awesome.
I: So I just want to basically give you some tasks and see if you are abel to 
spot anything and if not that's totally fine.
P8: Sure.
I: So the first one is do you get a sense where players may have gotten high 
levels of frustration? And Im asking for each visualisation.
P8: So yeah, we will start with A since it's the first letter of the alphabet. 
[Viewing VIZ A] So for this one like I mean the one we just talked about over 
here- let me make this bigger. So that I could see this was a point of 
frustration, there where- I mean honestly this whole point there was a lot of 
dying and stuff like that and then the lines. 
I: Mhmm.
P8: Then there was another one right here just because again you can see a 
lot of the little falling off the ledge icons you people were trying to make this 
jump, they were trying to be frustrated so that was a good sign. Other things I 
noticed in this one where again more jumpy things- where the- kind of the 
where was it- there was- I forgot where it was- but there was a point where 
there was a lot of tip toing , there was a point where they were trying to be 
careful. 
I: Oh that would be cool yeah if you notice that again do let me know where 
you spot it. 
P8: [viewing VIZ A] But yeah so for this one it was more- I got more of it from 
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very clear difference between the successful jumps versus the non successful 
jumps, for the other one [switch to viewing VIZ B] this one was- essentially it 
was easier to pick out the frustrating moments and the positive ones bcause 
the icons where bigger like in this case.
I: I see.
P8: Right. And there was a lot less pure overlapping and when there was 
because of the size difference, it was you know easier to pick out what was 
going on. So for like you know like a long here you can see they were trying 
things, they were being very careful with this jump because of the enemy. So 
this I found different you knwo I could definitely tell wehre they were being 
careful and where they were rushhing through.
I: I see, mhmm.
P8: and things like that. 
I: And did you see where players may have died? 
P8: [viewing VIZ B]Yeah, yeah. There were a couple of points where like here 
for instance they were jumping right down I'm not sure what happened, it 
looked like maybe he just walked right in kind of thing or there were enemies 
or things like like that. So in this visualisation,the enemies weren't always 
easy to see because of the colors. But- kind of there wasn't enough 
contextualization because of the colours and the movement patterns where 
okay yeah there was probabaly you know- second look there was an ememy 
there kind of thing. 
I: I see, okay.
P8: Also there was..
I: Where you able to notice or see where players may have died in the other 
one- visualisation?
P8: [switch to view VIZ A] This one was a little bit trickier, and again I keep 
going this one [refering to a part in the level where there is a big jump in VIZ 
A] but this one was the most obvious one. But this one was a little bit harder 
to see, but I mean it was easier to see the enemies, but it was a little harder 
to kind of figure out where they might have been dying in part because the- 
all the lines where uniform thickness so you know- the number of times 
where people where trying a particular path was a little obfuscated and 
because it was purely based on colour that was a little bit tricky.
I: So cause of the colour and how the lines were kind of thin compared to-
P8: Yeah there was a lot of lines so like even jsut-you know compared to like 
this particular jump like this area yes very clearly- sure there were people 
were having trouble making a jump. But there's so many lines here and so 
much going on that like to me its a little bit harder to see where they jumping 
early or where they jumping late you know what was going on there. That 
was a little bit harder to pick out. Yeah.
I: Where you able to see where players had trouble making a jump in the 
other visualisaion?
P8: [viewing VIZ B] Yeah.. like i think some of the things that this one works 
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like this I think is a good example in here becasue there is more lines but they 
are more condensed into the general path the fact that there is alot of line 
tells me there's a lot of ways to get through this particular area which means 
there's a lot of jumping a lot of going back and forth a lot of you know 
decision making there where here everyone aside from these poor souls right 
here they all pretty much made the jump so eventhough there is 1 or 2 lines 
down here. This is a relatively- I can tell this is a relatively easy jump for the 
most part. right. [describing different areas of VIZ B]
I: Mhmm.
P8: Where as you know yeah where again like we were talking about before 
again this looks like a difficult jump but again despite the fact that there is a 
little bit of variance here it's a realtively easy jump. I don't think there was a 
particularly hard jump that I saw here persay..
I: What about: do you see where players may have ignored powerups?
P8: Ah no. I saw the coins but not the powerups.
I: What about in the other visualisation?
P8: In this one less well..
I: [switched to view VIZ A] It's okay if you couldn't.
P8: Well I mean yes and no. 
P8: Yes in the sense that right here for instance [check image below] you can 
see that there's a lot of lines bouncing up and down so they were very clealry 
jumping up and down trying to hit the coins or whatever was in the boxes. 
But no in the sense that unless i'm - I see this pattern and i know what it 
means like im familiar with the game.
I: Yep.
P8: It would be- I could see it being easy to miss. Right like cause this might if 
we just cover this up this might look like oh people are just oh for whatever 
reason trying to jump up and down. And you know in a space like you can 
right even if this was a big question mark box there is a lot of jumping and 
down so it could be confused so like yes in the sense that if I do know what to 
look for already for already i could probably tell or if I didnt or if I was- if i 
didn't know or if this was a very early on in the game cycle and we didn't 
quite know the feel of the game yet or didn't quite know the specific details 
then this would definitely be..
I: Missed?
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sure it might be working it might be not. So in that sense this one was 
probably a bit easier to see. [switch to view VIZ B] But this one like i'm not- 
but like yeah like I said I don't rememebr- I don't think i could see exactly 
where they were interested in getting powerups or anythign like that.
I: And what about where you able to see where players may have diverted 
from the majority path?
P8: [viewing VIZ B] Yes. So, like this is the big diversion path on this side of 
things i could see like yeah most people went down this way because it's 
easier to see, the most obvious path, but there there's a couple of other 
people who did try to have- to take the high route and try the challenge 
route. And then the icon and the thought bubble you know made it really 
obvious that hey people were trying and not only that but why they were 
trying which is always useful.
I: Yeah, yeah. 
P8: So that was easier to see there. [switches to view VIZ A] On the other one, 
like it was still somewhat easy to see like for instance right here where you 
can see both things [refering to the diverging paths in VIZ A] but there's less 
information here in a sense because i don't see the thought bubble and 
becuase there's so many-
I: which bubble? Do you mean the- what did you mean by bubble sorry just 
clarifying.
P8: Oh so like the thought bubble right here, it's the quote for quote of what 
the player saying.
I: Oh, oh I see.
P8: So statements like that are incredibly useful because sometimes 
something they say is you know it's something they say that might not be 
reflected purely in their movement.
I: That's true.
P8: or vice versa they might be saying something but be doing something 
completely different. And gives me a sense of like if their actions and words 
are perfectly in time then cool then that's working as intended. But if they are 
saying on thing but doing another thing or they are saying one thing but their 
actions like imply somethign else
I: Yeah.
P8: then that gives me a sense of like hey maybe they understand what we 
are tryign to do but on the non concious level we are not really directing 
them in the right place. Or like they say one thing but they really mean 
something else. And that kind of dissonance isn't always desirable. 
I: Mhmm.
P8: So that's where the thought bubble and the icons are useful on this 
visualisation.
P8: [switch to viewing VIZ A] For this one, like I was saying because there is so 
many lines like I could kind of get an aggregate, a very generalized view like 
yeah there were different paths here and different paths here. But I feel like 
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Like it's clear that it's there but the details were less so. Like this one I only 
got to sense that- I got more than a sense purely just from the thought bubble
right here: why they did it and what they were feeling, but like comparing the 
two. I can just read more into what's going on here [refering to VIZ B] versus 
to what's going on here [refering to VIZ A]. Like this [refering to VIZ A] kind of 
just tells me yeah a lot of people took that because they liked the coins but 
that to me this feels like an obvious thing that like I don't necesserily need the 
visualisation to already know.
I: That's true.
I: And do you use these type sof data in your game development by any 
chance? Or have you seen somethign similar to these before?
P8: Not personally, although recently we did get access to tableau so that was 
pretty cool.
I: Oh awesome.
P8: So I personally don't use it but I know that there's different teams at 
Bungee do particularly teams that do have emphasized very high skill- very 
high context things like stikes and [unintelligible] and stuff like that. But yeah I 
would love to use them that would be cool. 
I: And- so would you be able to use- do you have an idea of how the data you 
have in your current project that you are working on in your company, how 
could that data be visualized or like would that be useful to take yoru data 
and visualise it in some way?
P8: Oh absolutely. I mean I think in a game like destiny or i guess in a game 
that is on the complexity scale of an MMO like destiny is. Theres just so much 
raw data, so much behavioural data so much you know so many different 
things to look at that just purely looking at a spreadsheet of numbers for 
most people isn't particularly useful unless you are already interested in that 
sort of thing. Right like if you are-  let's be honest no everyone is a statistitian 
other we would all- 
I: Yeah.
P8: So seeing like oh 75% of players didn't make it to the X level or stopped 
playing- like hearing that and seeing that in a spreadsheet isn't i don't think 
engaging to a lot of people, they might see it but i dont think they would 
necesseraly conciously know what it means in a way that allows them to do 
something with it. Like they might say they know what it means or they might 
say like yeah okay that kind of thing 
I: Or like the context like you mentione dbefor emight be missing. 
P8: Right right. Where as visualizing it whether it is in a level like this with a 
heat map or whether it's like- 
I: Would you say the visualisations they will be- there will be some kind of 
drasc difference because it's 3D or it won't work because the game would be 
3D? Or I don't know Im just seeing what your input is on that. 
P8: Oh sure sure. So in terms of level type heat map, i certanly think you can 
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you know fooling themselves not that it's easy to do but it's certanly possibly 
to do.
I: Yep. 
P8: And if nothing else- so in that sense purely in a level sense you can totally 
make a heat map for a 3D level. It would be tricker cause you are trying to 
take a 3D space and put on a 2D screen and overlay information on it but like 
I don't think it's the hardest thing in the world to do. If nothing else you can 
have it in editor or in a fly through of some sort.
I: That's true, yep.
P8: The other part of other types of information is having- being able to break 
down the information into a simplified chart or a similified graph in a way that 
like using colors or using other signifiers is certainly very useful. Like in one 
game you know we kept track of how many people completed you know a 
mission- each mission in the campaign. What was the completion rate 
basically.And so you know we started off at a 100 percent and great for the 
first 6 missions or whatever. And it was like okay 75% of people were 
completing the mission that's cool that's the metric we were-  that was the 
KPI that's what we wanted. But then at mission 7 it dropped down to 45% of 
what it was so that was like being able to see that then it was very easy to say 
oh that mission is super hard or whatever, there is a problem in that mission 
either we need to move it som place else or we need to change it so there 
isn't that massive drop off in players. 
P8: And seeing that data, not being able to access that data or visualizing that 
data in anyway, then all that means is it feels right so we put it out but oh 
craph why are people leaving, we don't know and that's not helpful.
I: That's true.
P8: I mean it's worked in the past i suppose but we have these tools, there's 
no reason not to use them.
I: Exactly yeah.
I: So back to the visualizations, do you have a preference to which one you 
would rather use or if you could name somethign you liked or didn't like 
about each that would also be great. 
P8: Yeah, so purely on the general level, visualization B would be my 
preference. 
I:  Okay.
P8: Because one: the scaling of the icons makes it easier to pick out specific 
information like again-
I: Yeah.
P8: A good example right here [viewing VIZ B], everyone wanted those coins 
right here that's easy to see, big icons, cool. where as an equivalent one 
[viewing VIZ A] i don't know if there was an equivalent one. But an 
equaivalent version right here or whatever like there's a lot of icons right here 
so i don't really get a sense of like okay is that 5 or is that 6
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P8: There's no number to it, yeah.
p8: Another reason is the thickness of the line, it's easy to just take that, and I 
dont have to like read too much into it casue I already know that thick line, 
alot of people did it. Thin line, easy to read. Where as here [refering to VIZ A] 
Like where is that simple path, nah that's not simple, Like here, simple path 
like sure there's a lot of lines but that doesn't- theres so many lines that it's 
not telling me anythign almost. Other than the fact that a lot of people went 
this way. 
I: So it's like not like relevant to see those jumps so just knowing a general 
path or- 
P8: I think in this particular context it's less relevant because I see the 
enemies here for instance. I know players are going to jump unless they are 
not paying attention so knowing that they jumped here isn't really useful 
because like I know that's their expected behaviour and thats the natural 
behaviour because if theyd on't jump they are going to die. 
I: That's true, yeah.
P8: So knowing that they jumped in this specific instance is less useuful. In a 
more skill based game or in a game where definitely emphasizes extreme 
precision then I could definitely see this specific points being more useful. But 
even then I feel like in an equivalent situation right here you would end up 
with something like this where like knowing the pixel perfect location of 
where they jumped would be condensed into like- okay there is 5 or 6 general 
attempts or paths that players would try to take. That kind of information 
would be still more useful than every individual path. 
I: That's true.
P8: I think the other aspect i liked about this side [refering to VIZ B] is the 
colors so seperting the path with the overall colors into the background was 
more useful for me. 
I: Instead of overlaying the color into the line itself?
P8: yep because like looking right here or even here here [refering to areas in 
VIZ A] there is a lot of lines it's just hard to see- almost impossible to see like 
where some people excited here or where most people not excited like this is 
just hard to see and not only that, it's concievable just based on the way you 
layer the lines- someone didn't- maybe for whatever reason this was in the 
background [check image below], there is a lot of red cause people where just 
super excited for what is in the box but jsut because if the lines were infornt, 
we would simply never know that. Where as with here [refering to VIZ B] each
section in general is called out on like hey this is super exciting for players 
where as here, not so much. So that's easier to easier to genealize this section 
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P8: yeah, or at the very least like- general data in a sense that it's not specific 
paths but specific enough that like each of these sections are small enough 
that i know that this little dude probabaly because this is red and there's a 
couple of thick lines here [check image below] he- most of the time- maybe 
by the time  he is probabaly standing right here so they are trying to figure 
out like oh my god let me not die let me jump over him kind of thing or let me 
jump over that thing so that locational specificity is useful-is much more 
useful than exact specificity of like I jumped literarly at that location so that 
was very useful. That was kind of the main-
I: Awesome, yeah.
I: So can you think of any ways that the visualisations could be improved? I 
know you mentioned like a few things like maybe the enemies not easily seen 
casue of the colour over top or the lines- in the individual lines the colours 
where within the lines so I wasn't sure if you had anything else to add maybe 
if you found some data to be redundant or something that shouldn't be 
there?
P8: I didn't necessarily- I didn't see any or I didn't have any-
I: Or something was missing? Something like that. 
P8: In terms of redundancy, I didn't see anything that felt redundant. Other 
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colours were okay, but seeing more contrast might be helpful. I mean I don't 
know.
I: Contrast for what?
P8:Like the challenge with using shades of a colour or shades within a range is 
that like in areas where and this is true regardless of which one so in areas 
where there is a small variation you know it's not always easy to pick that up 
from a glance but maybe that's fine. But maybe that's depending on what we 
are looking for 
I: Oh..
P8: in general, I could see that this is easy [refering to VIZ B] but if there is like 
a specific location like hey this for whatever reason let's say this one was 
slightly more challenging, it might be harder to pick out. But probabaly not a 
super important i can very clearly see that these alternate paths like this is 
the exciting path and this is the safe path. 
I: Mhmm.
P8: Let's see.. Redundancy.. no redundancy
 I: Or like anything- any ideas that you have that could improve these 
visualisations as well. If not if you have nothing to add that's completely fine 
swell. I just wanted to see if you had any other comments that you've missed.
P8: I mean more data is always interesting to me so..
I: What kind of data?
P8: So like if there were like say links to not necessarily in the map itself but 
links to players button presses and video and their facial reactions things like 
that. Or data embedded where like- like right here [refering to VIZ B] lots of 
stuff is going on so it would be interesting to see like hey this is where the 
different button presses happened and maybe not overlayed in the same 
visual map but like in a -
I: As a side thing to support the visualization?
P8: Yeah,
I: Okay I see what you mean.
P8: Yeah to support it cause like in like in this one- i think it was this one it's 
very clear here that people where having trouble getting on to the platform 
so being able to get the slice of gameplay and seeing like okay what where 
they trying to do would be super helpful. Where they- cause i can see that 
they were trying to get [unintelligble] the pipe and very carefully avoid you 
know slowing down basically. 
I: Mhmm.
P8: But maybe where they starting to run up and jumping very late, very 
early? Like what were they thinking? where they getting frustrated? like it 
would be great to see more information about exactly why they were having 
such hard time.
I: Do you mean like replaying a snippet or something more static?
P8: Either or really, I think would be useful. Because I think there's sometimes 
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their button presses, or see their expressions, or get more information out 
that would be awesome. 
I: Awesome.
P8: However that might work. 
P8: Likewise, over here it [viewing VIZA ] would be great to see like what was 
in the box right like and this would be more on the design specs side but just 
like seeing why was everyone jumping up and down here, was they getting 
some you know some context again of what- if this wasn't my level what was 
in the box what was the context of the box
I: Yeah that would be useful. Awesome.
P8: Yeah
I: And did you- so last question and of course you can let me know if you had 
anything else to add but what did you think of the aethetics of the 
visualizations?
P8: So I liked the aethetics of B. It was cleaner, nicer to look at, easier to pick 
general information out in comparison which was nice.
I: Why? why did you get that feeling?
P8: A lot of it was because or for most of it was becasue like for instance the 
critical path because the different ways the players were going was 
condensed into this thick line, everyone was doing that. As apposed to 5 or 6 
or 7 or however many individual paths that made it easy to see and pick out 
like in general most people where doing that path that's easy to see.
P8: [viewing VIZ B] Likewise the aethetics of the single icon condensing this 
general area is where they like to get [unintelligble] made it easy to see and 
made it less muddy where as by comparison this one [switch to VIZ A] like i 
can tell what's going on here but it's muddied by so much of what's going on 
so atleast for me the aethetics don't work for what it's trying get out of the- 
you know whatever i want to get out of it. 
I: Yeah.
P8: Also the aethetics of this one of B helped more with seeing the level itself 
in a sense because there's not so many lines that you know lines, icons, 
whatever that are potentially hiding an enemy. Imagine there was- we had 
like a hundred, a thousand different players all landing on this guy right here. 
He might be hidden behind all these lines which is not useful becasue then we 
don't know unless you already know the level there's a dude there.
I: Yeah.
P8: Where as with here [viewing VIZ B] like this would be like an equivalent 
example like the thickness of the line would tell us okay or the thickness and 
the colours would tell us hey there's this danger zone here but i could still see 
the guy and i could still understand what's going on in there. So [unintelligble] 
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I: Sorry I'm just making some quick notes but that's great. Did you have 
anything else to add before we move on?
P8: No, not at the top of my head.
I: Awesome so if you could go back to the survey what you are going to do 
now is rate each visualization again after we've discussed it. So if might have- 
maybe if you are rating the changes that's fine too so once you are done with 
that I could send you the last link and it shouldn't take too long it's like a quick 
discussion. 
P8: Sure.
I: And we should be done. Awesome.
P8: Cool. Alright. 
>>>STAGE 2 DISCUSSION ENDS<<<
P8: Okie dokie.
I: Awesome, I will send you the last link now. Okay let me know if that works. 
It's the same website but it's  a little bit of a different format this time- oh this 
i send the wrong link? Let me make sure. So it should be the latest one. Or is 
skype not updating?
P8: I don't think skype is updating. Let me type soemthing just to- no no
I: It didn't send the last links i sent you so can you just click on the last link I 
sent and just edit the numbers at the end fo the URL so after ... [giving the 
numbers for the url]
I: I can email it to you sorry about that. Skype can be unreliable that's why 
everyone is moving to discord. I just emailed it let me know fi you recieved it. 
[troubleshooting the link]
>>>STAGE 3 DISCUSSION BEGINS<<<
I: So with this one basically just have a look- these are all aggregated 
visualizations. It's the same level. The visuaslisation B is the one you already 
saw but now there is slight variations in C, D, and E. So quickly look through 
them and can you tell me if you can spot any differences you notice?
P8: Alright. So between this first set one thing i notice is there this lighter 
shading i guess coming out from the top and bottom as apposed to this the 
flat uniform colour going on. 
I: Yep. 
P8: So that's one thing. 
I: Yeah so there's basically like a blending of colour. 
P8: Yeah yeah. 
I: Yeah that's one difference and there's another one that you might notice in 
the other visualizations. 
P8: So that's it for that one.. let's see. [Viewing VIZ B and D side by side] So 
right here I notice for some reason this spot and this spot are colored a little 
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spectrum so there's that.
I: Maybe it will be more clear as you look through the level. 
P8: I kind of want to say that- 
I: Feel free to say anything. There is no right or wrong answer. 
P8: I kind of want to say like the range of colour is smaller essentially like this 
is not as strong.
I: Like opaque or transparent?
P8: Uh.. as saturated I guess.
I: Yep.
P8: The strength of the colour. I feel like this one [Refering to VIZ B and VIZ D] 
there is more colour to it essentially. Yeah.. I think I guess- I think there's also 
more transparency it looks like to D. Like I can see more of the coins here 
versus - yeah.
I: Oh okay.
P8: There's that. 
I: Was that soemthing you liked? being able to see the coins? or- 
P8: In this case I don't know i kind of feel indifferent in this case. If it was in a 
game where there was more where the elements where more subtle or 
smaller in detail or they didn't stand out as strongly or say if it was a photo 
realistic game like call of duty and there's health and backpacks on a dead 
body, it would be more useful for teh transparency because you knwo that's 
important. 
I: That's true. 
P8: But in case like this- in a game like this. Where you know the game 
elements are very clearly game elements they stand out by design they stand 
out from the background it means less essentially because it's already easily 
to see. 
P8: So again for E, I notice the shading 
I: Yep. 
P8: And it looks like there is transparency again going on.  Yeah..
I: yeah so basically the major differences are that how each visualisation does 
transparency and shading differently. So are you able to- I guess you can 
explain to me how you see each one, how you see it being used. 
P8: So how do you mean?
I: Can you let me know by going over each visualisation of what the 
differences you've noticed is? So just like reiterate this is how this 
visualisation does it, it uses shading like this or transparency..?
P8: In terms of how they use transparency and shading?
I: Yep. So I just want to see what you think of that.
P8: Let's see, I guess for the aspect of shading, I didn't really notice a lot fo 
use for it persay. But I could see the use of- depending on the context if I 
could see where a high intensity to a low instensity and a low intensity to a 
high intensity where there's a gradual shift ebcasue their shading is much 
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quarter of a second
I: Yeah that's exactly like what I think  visualisation E was trying to do, but 
what did you think of that. Do you liek visualisatiosn when they have that 
shading or when it's just flat colour that's you've noticed in visualisation B?
P8: Depends I guess. Yes, I liked that shading. But only if it was in it's own 
seperate visualisation specifically- not necesseraly specifically for that but 
seperated out from the information already here. Cause like where I would 
see this type of visualisation is okay I'm looking at this and I want to see the 
critical path, what people are doing, and kind of the excitementt level, where 
as the shading and the gradient of that is more useful in a visualisation of like 
pure like emotional reaction almost. 
I: Oh..
P8: Right like do I- I would use it to call out specific areas. Like hey this area is 
a spike in difficulty but that is kind of a more speicifc question then in general 
peopel are stumbling here. I find it more useful if i had a question about it 
that sort of thing versus like just a general-
I: Is it because it helps with pacing? because I know you -
P8: Yeah.
I: Yeah i'm jut takign notes and I want to see why you prefer shading for that 
particular for emotion-
P8: Yeah shading for pacing is exactly what like- And in that sense if it was 
purely, if i were to look purely at the pacing and that realm of data like the 
critical path is less useful in that sense for that particulat visualisation just 
becasue where players are going specifically is less important to like what 
part of the level. Are they at the part where the enemy trying to jump on 
their head like that general context is enough to get a sense of the pacing as 
apposed to what they are doing in that situation. That may- would lead to a 
situation where I  would want- like I know this is a sudden spike in difficulty or 
sudden spike in anxiety or whatever the case may be- let then- yes I would 
want. And if I can't figure out why then I would probably go back to a 
visualisation where there's more paths and things liek that.
I: Oh do you mean the individual paths?
P8: Yeah yeah.
l: Okay. 
P8: Cause then those individual paths are only a known slice of the level aand 
then which means it's easier to-
I: Liek seeings that detail is useful when  you wanted specifics?
P8: Yeah so once it got down to that level of specificity in the question then 
the individual path would be much more useful. But starting from like the 
higher mid level of what's going like pacing, general- critical path, general idea 
of what's going on in the level then you know the shading and the generalized 
view is much more useful to me I think. 
I: When there is shading like in visualization E? Or-
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question of pacing what do you think in that realm of question-
 I: And you've also associated the shading with it being useful to convey 
emotion or did I get that wrong?
P8: Yeah, no yeah yeah. It woudl be suefult o convey emotiona nd convey 
change in emotion essentially as well like again a sharper gradient implies set 
for whatever reason players spiked in you know anxiety and arousal here. 
I: And what about transparency did you prefer visualisations that had 
different levels of transaprency or liek the same transparency all out? 
Basically opque or transparency. 
P8: Generally opaque or a standard level of transparency would be my 
preference particularly in context of these visualisations cause we are already 
using colour to display information then layering another level of- another 
vector of visualisation makes it potentially much more challenging to see 
what is going on cause i could certainly see a situation where like hey there's 
two patches of colour that are very very transparent- very light in transparent 
and they are so transparent that the difference in colour might be essentialy 
washed out or erased which ultimately defeats the point of a visualisation. 
I: Oh
P8: So I could see using just colour of just transaprency but not necesserily in 
the same visualisation unless that information was kind of almost one and the 
same i guess.
I:  So like by transaprency let me show you an example so in B or maybe C 
might be easier to spot, if you scroll forward there is like one path has a 
lighter colour in the background 
P8: Right here?
I: While the other one has more opaque colour. 
P8: Yeah.
I: That's what I meant by having transparency and then by opaque if you look 
at visualisation D it's just like one level of transparency there is no variations. I 
just wanted to give an example while we are still discussing this. 
P8: Sure sure.  [Viewing VIZ C and D side by side]
I: And seeing what's your preference is. 
P8: Yeah I would still prefer the singular-
I: So like in the one to the right? 
P8: Yeah the one to the right [Refering to VIZ D] Like yeah I feel like for the 
information it's trying to convey it's more useful having that one vector this is 
intense, this is less intense. I could see-
I: And you were saying that because it's useful becasue the colour could get 
washed out and when you have another vector to view it adds complexity?
P8: Yeah.
I: Okay awesome.
P8: Like I could see transparency in B being useful in a different type of 
heatmap where like nothing much is going on here to it's less transparent like 
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essentially that it would be useful.
I: Yeah okay that's- you're input is great and there is no right or wrogn answer 
it's basically how you feel abotu this. So that's awesome Was there anythign 
else you wanted to add? There is one last so what you are going to do now is 
go back to teh survey and basically rate visualisation C, D, E and I have one 
more question to ask of you and finish up the survey which won't take long 
it's just one more question. 
P8: Alright 
I: But the question I want to ask once you are done rating is basically we are 
going to rank each visualisation based on what you liked the most, or what 
you preferred, or found most effective, to the least. 
P8: Alright.




I: Awesome so i guess my question to you now is which visualsiation do you 
prefer the msot and why? From the 4 that we've viewed right now.
P8: Let's see. Of the 4 B, C, D-
I: Yeah, B, C, D, E.
P8: Let's see. I'd narrow it down to B or D. 
I: Okay. And we are going to rate them all so they are all goign to get ranked. 
P8: Um..
I: I know it's hard sometimes people tell me it's hard to specify which one is 
better than the other or they prefer. 
P8: Let's compare those two spots..  I was going that B but I noticed 
something with D that made me change my mind. So I'm going to do with D.
I: D? What did you notice?
P8: So something that I didn't see before or i guess it was easier to spot in D 
was like right over here this bright spot over here is less obvious in B over 
here.
I: I see.
P8: which considering it's a bright spot- not bright, but a higher contrast a 
more colourful spot is it's a different colour than the bright red over here.
I: I think it might be due to the transparency but yep.
P8: Yeah, the fact that that is there tells me that there is something very 
diffrent or happening here that maybe it's a big thing or maybe a small thing 
that is potentially something important and that could be you know it could 
be hey they are jumping to hit a block here or if the block was over here they 
are hitting the block and falling to their death or something like that. But this 
[refering to VIZ D] calls it out more which is super useful. Right like it's 
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I: Eventhough it is one thin line?
P8: One thin line plus this segment itself has such..
I: What kind of information it tells you? That you feel like it's useful
P8: Let's see in context, I'm not entirely sure I guess. 
I: But you find it interesting like?
P8: I find it interesting, yeah. I'm not entirely sure what I mean pure 
[unintelligble] maybe someone tried to- no that doesn't make sense. Oh I 
know it makes me ask a question about there's soemthign about this part and 
I could see other situations where this might this happen that there's 
soemthing about this part
I: Like why one person?
P8: Yeah why did one person- why did some number of people engage with 
this part of the level  versus someone else versus most of the people just 
going by like what where they trying to do. So seeing that is just that makes it 
more itneresting to me. That makes more useful to- Maybe it's not maybe it's 
ultimately isn't something but knowing that it's there..
I: You would like to see that. Okay.
P8: Yeah
I: So then does that put B as the second more preferred?
P8: Yes.
I: And why did you prefer like B over other visualisations?
P8: So..
I: Or what did you liek about it or dislike about other things- the other 
visualisation?
P8: For these two, the- I guess it's mostly the shading specifically.
I: Oh Okay.
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P8: it turns into white which is the white in context of the colour scale, the 
white doesn't mean anything. So the fact that it's there is kind of distracting. 
It makes me think- It almsot makes me feel it's colours are becomign 3D- okay 
cool i guess it's a nice aethetic choice but it doesn't really add anything.
I: So did you say you prefer the colours to be flat or you liked the idea of 
having shading but having it done using a different algorithm that wouldn't 
highlight the corners?
P8: Yeah, out of these 4 i prefer the flat. If the shading algorithm was done a 
bit different I could potentially see usefulness in that or whatever the case 
may be or if the shading was being used to convey some other information i 
suppose like [unintelligble] before or whatever. But yeah as it is-
I: And you said you like where colours are- the colours are all one 
transparency. Sorry I feel like I missed- i didn't write that note down. 
P8: Yeah
I: Yeah? okay perfect.
P8: So having the uniform consistant transaprency is more useful in this 
particular case cause the transparency doesn't feel like it's adding any new 
extra information or like any information that isn't already there. If it was 
adding some other information or in a different context or different question i 
could maybe see it being useeful.
 I: And then the last two visualisations And I feel like- sorry i'm taking up a lot 
of your time.
P8: No problem.
I:  I hope  you have nothing planned after this but- So jsut- you said B and how 
about how wyoud you rank C and E. 
P8:So let's see, between C and E [viewing VIZ C and E side by side] let's see. I 
would say C then E so C is higher than E.
I: how come? Or what was the reasoning?
P8: So for E in context what it feels like the question that this visualsiation is 
trying to answer is that  for E it's so smooth and gradient that yeah it's pretty 
sure and that's always cool but I feel like the way C and the other ones as well 
cause i just noticed this the way it breaks down particular polygons, particular 
sections of the area i feel like knowing- having that specificity is more useful 
than the gradient cause like right here for instance-  
I: Do you feel like it's easier to- is it easier to look at when it's broken down?
P8: Yeah it's almost easier to look out like right here this tells like this general 
area is less, it's not like this area [refering to VIZ E] like people here are like so 
intense and anxious but like i feel like i get less information 
I: Oh okay.
P8: out of knowing that this general area is where it is versus here i can see 
that for whatever people where more or less comfortable walking 
underneath here but the handful of people that were trying to jump thing 
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here [refering to VIZ E] that information get's lost which is you know yeah 
knwing that this particular part- knowign that there is that difference is useful 
information that just gets lost.
I: Awesome.
I: Was there anything else you wanted to add? So we have D, B, C, E. Is that 
how you ranked them?
P8: Yes I think that's how I ranked them. 
I: Awesome that's great. You've given me a lot of amazing content and input 
about these visualisations.
P8: No problem. 
[finishing up the study]
>>>STAGE 3 DISCUSSION ENDS<<<
P8: As a designer right like I feel like this is avenues of where my craft can 
evovle, my discipline can evolve, in a way that isn't jsut well it kind of feels fun
and kind of this and kind of that. Like those kind of questions are there. It's 
very clearly there and it's called out with these visualisations we just have to 
start using them and making it easy to convince people just like hey look at 
what you can find jsut by investing a little bit of time in these thigns. Makes it 
harder for people to say oh no it's not important or anything like that. And 
particularly again in the space of like tripple A or titles like that or any ype of 
game that requires a tightly controlled or not tightly controlled, a tightly 
refined loop like dark souls or whatever, havign that information is super 
useful. And moves it away from oh I kind of feel like this level is you know not 
fun oh the players are saying this level is not fun what can we do i don't know 
becasue i don't know what's happening, we can pick up these questiosn and 
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I: To keep like the players engaged and always coming back
P8: Exactly. and we can answer thsoe questions before it going out. And that's 
less of an issue nowadays. but so a map that people hate if it takes you six 
months to figure out why then that's terrible but yeah it's cool to see.
[finishing up the study]
23/23
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P9: [Rating VIZ A] If there is a way to seperate all those lines. Then that would 
be more useful probabaly. 
I: Yeah we will get to discuss it more thoroughly.
P9: Oh alright. 
P9: [Viewing VIZB] And this would be- if I was actually familiar with this level 
because I made it or something, this would be more helpful but since i'm not- 
what is under all this orange crap? 
I: I see yeah.
P9: [Rating VIZ B] It even says aggregated ah. 
I: It's just to make it easier for me when I go back through the data.
P9: Right. 
P9: Yeah I don't know if that accurateness- it's hard for me to judge as an 
outside viewer if this is accurate or not. I don't know
I: Is that because you weren't the one who designed the level? or-
P9: Yeah, like this is just some lines may but i have no idea if this is accurate 
or not. I just have to assume it is. yeah, i personally like the other one better.
>>>STAGE 2 DISCUSSION BEGINS<<<
I: So what we are going to do is we are actually going to discuss both of these. 
So you made some good points. I will start with a few questions and I will ask 
you to expand more about the comments you made so in your opinion what 
do you think these visualisations are trying to communicate?  
P9: Player behaviour really. Like in this case it's clear to see what the pain 
paths people are taking and like any- like seeing a bunch of the same thing 
here indicates like yet this is a common occurance among many players like 
they can't make this jump for whatever reason. 
I: And what else can you understand from it? So you mentioned player 
behaviour and the paths you mean. 
P9: Yeah.
I: Was there anything else you noticed? If not that's fine.
P9: [Viewing VIZ A] Yeah you can see at some points there is like divergences 
but there's still- like this is the more popular path to take going up here but a 
few went down here to get coins and a few people screwed up this jump and 
had to go back.
I: Yeah.
I: So imagine you are working on a paltformer game liek this, is there anything 
interesting you see in the visualisations?
P9: [Viewing VIZ A] I think it is useful for seeing percentages of players that 
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this is a pretty easy jump and this is a super easy jump because no one died 
here but this one this is the last hazard of the entire level and a few people 
died here which is really what you want to see so in this case it is a good 
gauge on overall difficulty of the level and if in cerain places difficult in where 
you want them to be.
I: Like increasingly gets difficult?
P9: Yeah like if I were designing this level I would want to know how many 
people died to this particular coopa or whatever and how many people died 
to this pit in the end because they didn't get their p meter up before they 
jumped. 
I: And can you use these visualisations to get a sense of what needs to be 
done? Like maybe fixes a part of it or somethign like that?
P9: Yeah. Like this one especially [refering to VIZ B] This is more useful for 
seeing like an overall path flow, but this is less useful for determining diffiulty 
of the level. 
I: How come?
P9: Where as this [refering to VIZ A] I can see all the individual player and 
exactly they are doing. I find it more useful for gauging difficulty. Like this 
rigth here [refer to image below] is the obvious example. 
I: Ah I see.
P9: Like I don't know how many lines are here let's say 30% of people didn't 
make this jump and died. So I would be able to use that information say I 
don't know what zone this is and how deep int he game it is but I could from 
this data say this is as difficult as I want it to be or no it's not I want to make it 
harder.
I: And why did yous ay that the second visualisation wouldn't be useful or-
P9: [switch to viewing VIZ B] It is just less useful for gaging difficulty for me, it 
is useful for seeing like what most players are doing like seeing right here that 
not very many people decided to go up here like there is an extra hazard here 
with this bullet bill but you are rewarded by having these blocks here but I 
don't know what's in them but hopefully something worth their time. But 
most people chose to not do that at all becase they are getting the coins here.
So that is useful on it's own but it is less useful for deciding if this level is too 
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I: And- so what I'm going to ask to do now is give you a few tasks to see if you 
can point anything interesting out. So the first one: do you get a sense of 
where players may have gotten high levels of frustration?  And I'm going to 
ask the same question for each visualisation.
P9: [Viewing VIZ A] Yeah there are a couple of probabaly pain points like this 
guy here. It looks like these guys failed and had to jump out and from this i 
can't tell exactly like how many times the person failed at this becasue it is a 
bunch of lines. Which is why i said earlier the ability to see each of these lines 
seperated would also be useful for me. 
I: Like a filtering?
P9: Yeah. 
I: So you would rather see each one at a time?
P9: Both ideally. you will have like seeing large trends so this is useful [viewing 
VIZ A] but if I wanted to then deep dive and quickly go through each player 
and be like this guy can't make any of these jumps, it's useful  also in it's own 
seperate way to see each line individually. What was your question? I went 
off on a tangent.
I: No worries no worries.
I: Do you get a sense of where players may have gotten high levels of 
frustration?
P9: [Viewing VIZ A] Oh yeah, yeah just looking at this on it's own i could tell 
this is a potential frustration point, this is a potential fustration point,and I 
don't know how that guy died there but did. Yeah.. and this one, if people fail 
repeatedly at this last jump and have to guy all the way back to a checkpoint 
that would definitely be a frustration point. 
I: Do you find the- oh yeah same question here.
P9: [switched to viewing VIZ B] Yeah i think this one is just less clear to me 
overall becasue it is trying to be fancy and all the this orange stuff, i can't see 
the level underneath as well.
I: Do you understand what the colour means?
P9: Yeah.
I: Do you find it helpful?
P9: Personally i find it less helpful than a pile of lines that's just me. 
I: Where you able to-
P9: [Viewing VIZ B] Like I said if I had been the one to make this level and 
knew it by hard it wouldn't really bother me that this opaque stuff is ontop of 
it but since this is a level I haven't seen before, yeah i can tell there was some 
issues with this parana man over here. 
I: Do you see where players may have died?
P9: Yeah like it's easy to ply forwards and see where they have died because 
there is a line that goes to death. Yeah, oops he forgot to hit jump here i think 
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P9: [Viewing VIZ B] Yeah i think i can tell when people are failing at 
platforming here but it's not as easy for me to tell as the other one.
I: What about could you tell where people have died int he previous 
visualisation?
P9: [switched to VIZ A] Yeah,there should be a death icon though that would 
be helpful in both of these to have like one of these with a skull to be like 
somebody died here to this coopa man or whatever. When they died from 
falling it's easy to tell but I can't tell if they are dying from enemies really. 
I: Sorry I'm jsut taking notes at the same time.
I: And do you see where players had trouble making a jump?
P9: Yeah oh yeah. I could tell in both of these where people are failing a jump. 
The lines they fall off. 
I: And do you see where players may have ignored powerups?
P9: [Viewing VIZ B] There was an icon for that, i have to scrub through it. Oh 
here is one, they skipped this one here cause the bullet bill was coming after 
them I assume. Yeah I wouldn't be able to tell if that icon wasn't there 
though. This level doesn't have very many powerups.
P9: These are like bowser castle levels so there aren't very many.
I: Yeah it appears to be the case. 
P9: Yeah i'm not sure, oh here's one, i don't know why they would skip that, 
that's crazy to me but a ton of people just skipped this block i don't know 
why. but yeah that would be useful information why are a ton of people 
skipping this powerup that is right here when there are is enemies? 
I: Do you see where players may have diverted fromt he majority path?
P9: [Viewing VIZ A] Ah Yeah, yeah here you could tell really easily with these 
seperate lines. like this is jsut people screwing up but this one yeah. Some 
people went up and some people went down but most people went up 
probabaly becasue they could see where they are going. [Switched to view 
VIZ B] This is just people avoiding that spikey. Yeah like here i can tell that this 
was the main path and this was people being brave to get this powerup. 
I: And can you see where players have avoided enemies?
P9: Yeah.. there was an icon for that too i think. I'm having trouble seeing the 
enemies through the orange but this jumping nonsense here i can tell that 
this is them trying to step on or avoid this coopa, same here. [Switch to View 
VIZ A] Yeah bouncy nonsense. Yeah there's the icon, go under drybones icon. 
I: Awesome. So do you use these types of data in your game development? or 
have you seen something similar to these before?
P9: I have not used anything like this i would say. I have seen them before 
through like game dev forums and things.
I: Has it been for platformer games or you've seen it for 3D or both?
P9: I've seen it for both. I probably would  have liked to see something like 
this on the batman game, it was a top down 3D situation. But it would have 
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solving so i would have liked to see something like this in tableau but mostly 
what I got was a percent of people that won the level and how many truth 
bloxes they got and stuff like that.
I: So just an overall number at the end? 
P9: Yeah pretty much. And there there was a star rating of how well you do in 
a end also we got that. 
I: So thinking of your current game dev project, how do you think this 
visualization can help or like how can the data from your current game can be 
visualisaed?
P9: I don't know if it could be visualized like this super well. Possibly on like a 
much more macro level than this so seeing peoples path through the content. 
Our game has huge open landscapes where you pick up quests, go do stuff, 
and come back. So seeing like over a long term of them doing an entire 
updates of content that would be useful to see. I probably wouldn't be that 
useful in like a group dungeon environment, yeah it's a lot. It would be a lot to
process it no this kind of format. Where I  would-
I: Cause a lot is going on there?
P9: Oh yeah yeah.
I:  In like a small space or over-
P9: Well there is both, a lot of it i would jsut prefer to watch a video of 
someone doing it but often the big dungeon itself is lineqar, but people would 
fail repeatedly at a boss becasue they are trying to figure out how to work 
around the mechanics of whatever it happens to be so it's sort of a puzzle in 
that sense. It's a puzzle of like how do i deal with this mechanic and alot the 
group has to execute on it together
I: Yeah that makes sense.
P9: So in that case, statistical information is useful like how many whipes did 
they have on this before they beat the boss and how many tiems a week do 
people complete this and what's the average eye level, their gear and things 
like that would be more useful.
I: Yeah that's true. Awesome.
I: So which visualisation do you prefer and why?
P9: [Viewing VIZ A] I would choose this one, better
I: You can name what you liked or didn't like as well.
P9: Yeah I don't know. 
I: So you liked the one with the indivdiual lines?
P9: yeah I liked the indivdual lines better because i can to some degree pick 
out like yeah this is clearly an issue or no this is just one guy being an idiot. 
But like I said it would be more useful if I were able to also filter through. If I 
had both options, yeah I think this one [refering to VIZ B here] is useful in 
some way but it's I think over complicated for what it needs to be like trying 
to boil everything down to colored zones or i don't know how useful that 
actuallly is.  
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have any other improvement suggestions as well. 
P9: Yeah. I also like I don't know how much this galvanic skin stuff is actually 
useful becasue I've never seen this before. 
I: So the way it works-
P9: But this is really yellow here.
I: yeah So the way it works is they hook up people- they put this sensor on the 
fingers to detect when the basically secrete sweat so that help supposed to 
help tell when peoepl are soused so that could mean two things maybe the 
person is frustrated or enjoying so it's hard to tell exactly what emotion it is 
but they put it down as the word arousal.  Like they are experiencing some 
high arousal state which is what the red colour signifies and it's the opposite 
with the yellow.
P9: Yeah this is probabaly useful for determining like a good aveage of that 
response is. But I don't know if i'm convinced how useful that how useful that 
knowledge is. 
I: You haven't worked with it before right?
P9: [Viewing VIZ B] Yeah I haven't worked with it before and that's somethign 
that probabaly needs really indepth study to what the corelation of these 
galvanic skin responses and the flow state of the player actualy is. But yeah 
it's like clear from this you are just running straight here and peopel don't 
really care that much but this is like a big jump into the unknown so that's 
scary. So, yeah this visualisation is more useful for the galvanic stuff and this 
[switched to view VIZ A] is lots of colors and paths
I: The galvanic skin response is also present but it's jsut visualisaed in each 
line instead of-
P9: Right but you can't follow one player without filtering so it's just piles of 
lines so that's it's less useful for that particularly.
I: Did you have any other comments you wanted to make on that question 
before I like- like if you had any other ways you think the visualisations could 
be imporved. I just don't want to take away from your answer if not I wILL 
just move on to the next question. 
P9: Yeah, both of these i would like to be able to see individual players on 
their own also. 
I: You made a comment that it was hard to see the geomtry of the level like 
what's beneath it.
P9: Oh yeah yeah like in some of these really opaque spots I can't see at all 
underneath it which is- i've never seen this level before so i'm like okay. It's 
probabaly  not an issue for the persont that actualy made the level.
I: So next question: Is there any sort of data that you feel is missing from the 
visualisation or maybe something that may be too redundant and shouldn't 
be there?
P9:  Oh yeah like I said before there's not like a skull for when players died so I 
can only tell [Switched to view VIZ A] if they died from falling off a cliff or 
whatever. Like I can't tell if somebody died to this goomba or anything  in 
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I: Okay.
P9: if somebody was dying to an enemy. Like maybe this is a death to an 
enemy but I can't really tell it's just piles of lines. 
i:That's true yeah. Do you feel like there is something redundant?
P9: I don't know. i do like that this has the 5 times icon, i like that better than 
the pile of icons, some of them i can't tell if it' the same icon or not cause it's 
just a pile of icons. 
i: You prefer to see the larger icon in the individual lines?
P9: I prefer that there is an aggregate icon i guess, this is more clear [refering 
to VIZ B] than this [refering to VIZ A]. If I could seperate this [refering to VIZ A] 
on top individual runs then i wouldn't need that cause then they would just 
have one for whatever player that was.
I: So which version of the visualisations in their current state would you prefer 
to use? and why?
P9: This one I would prefer [refering to VIZ A]. 
I: And what do you think of the aethetics?
P9: I like the icons a lot like I could tell what they are easily. 
I: The symbol is clear or just the colour- the contrast between the colour?
P9: Yeah. I mean the iconography is clear. Like I'm not- I understand what 
these mean without having read the label.
I: Yeah. I think this is better aethetically [refering to VIZ B]than this one 
[refering to VIZ A] because this is a jumble of lines. I don't know, this is fine to 
be in terms of the usefulness [refering to VIZ A]. but this is more pretty to 
look at I guess [refering to VIZ B].
I: I see, yeah. I understand.
I: Why would you say it's better aethetically?
P9: It jsut looks better aethetically.
I: The use of colour and-?
P9: Yeah. I don't know if it's - yeah. It is more pleasing to see these different 
stained glass orange stuff but not potentially more useful [refering to VIZ B]. 
Like this is just a jumble of lines but I know what it means, it's useful [refering 
to VIZ A]. It's jsut not..
I: Yeah. The filter would help in that case
P9: Yes, yes it would.
I: So did you have anythign more to add? before we move on to the next part.
P9: I don't think so.
I: So if you had missed anythign at any point feel free to elt me know so what 
i'm goign to ask you to do now is to refer abck to the survey and you are 
goign to rate each visualisation again
P9: Okay.
I: so you will chose A or whichever and then choose the other one when you 
hit the next sign. 
P9: Oh okay.
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P9: Yeah I don't know if clarity and readability are kind of the same thing. Kind 
of.
I: I guess how clear is the data.. that's true. How easy is it to read and how 
clear is it represented.
>>>STAGE 3 DISCUSSION BEGINS<<<
P9: Okay.
I: Perfect. So I will send you the last link now.
P9: Should I close these other two?
I: You can leave them open in case we want to refer back to them.So this time 
you are going to be viewing 4- the first one you already saw i'm not sure if it's 
a different level than  before, but they are all goign to be from teh same level. 
B youv'e already seen from that version earlier
P9: Right.
I: And this tiem there is 3 new variations. So what I'm going to ask you to do is 
to just take a look at each one and let me know what kind of differences you 
notice and what can you understand from those differences.
P9: The colouring on this is different [refering to VIZ C].
I: In what way?
P9: [switched to VIZ B] Like these are the same colour in their little quadrents 
oR whatever but this is- it has some gradients going on which I'm not sure 
why. It's white on the edges. And this is huge [refering to big icon] 20 players.
I: Lots of people.
P9: Yeah that's probabaly useful to make that like jeez that's a lot of people. 
Yeah but I don't know what the colour is going on about
I: Can you notice any other differences between the other ones? Not sure if 
you had a look at those yet.
P9: No I haven't looked at the other 2 yet. I think this colour is also different 
but I don't know why are you differnent. [refering to VIZ D]. It''s different. I- 
yeah it's just all the same opaque is what's going on i think.
I: Do you have an idea of what that's supposed to communicate? like 
difference in colour or the opaqueness?
P9:  I think in the top one, the oaqueness was related to how many players it 
was actually representing. And this is all the same which I guess makes it 
easier what colour they are.
I: Yeah that was exactly the difference.
P9: There's also the big 20 icon. I don't think I notice anything else different 
besides that. And this is more of that gradient going on which I don't know 
what it means.
I: Do you have an idea?
P9: I guess it might be trying to say the same thign with the number of players 
but it's not as clear to me as the chunk with the different opaqueness because 
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the gradual fade out i don't know.
I: Like the white in the corners or just like the blending of colours in-
P9: [Viewing VIZ E] The blending I think is- and these grey lines become very 
hard to see. I guess it doesn't really mater so much anymore when it's all a 
gradient much why are they even there anymore. 
I: Yes you were right there were two differences so the gradient, the blending 
it's just to communicate that people don't go directly from 100 to 0 so there 
is a gradual change
P9: Right.
I: and you were right about the opacity being more transparent when there is 
less peopel who travel.
P9: Right.
I: So what I will ask you now is to let me know what do you prefer the 
visualisations that had the difference in transparency of when it was 
completely one colour like opaque. So D is the example where it was jsut like 
no transaprency and B and C where-
P9: Yeah I think B conveys the most information quickly.
I: So you liek dhaving the transparency?
P9: Yeah.
I: Okay.
P9: That tells you how many people were part fo that quickly while also 
conveying the colour. I think that's more clear than the mushy gradient thing 
going on.
I: So yeah my next question is do you prefer the visualisations with that 
shading or gradient or when it was jsut solid colours?
P9: I think i prefer the solid colours. I don't know if I have a good reason for it.
I: is it-yeah- why
P9: I think it depends I don't know what the method was for this [refering to 
VIZ E] if they are literarly blending the colours from this together [refering to 
VIZ D]. then that's not really that useful If instead they are taking the real tiem 
data from the skin response map and makign it a gradient that way then that 
maybe is more accurate
I: I think that was the case.
P9: Well then it is more accurate but..
I: So why- so you said when you prefer you prefer when ti was solid colours?
P9: Yeah.
I: Do you have an idea why you preferd that over gradient?
P9: Do i..
I: Is it just because it's easier to look at? it could be a simple answer.
P9: I think it might jsut be that. that it's it's easier for me to look at and be like 
this one dude jumping up here just didn't care about that at all. Alright I guess 
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 I: So did you have anything  you would like to add before I move over?
P9: No.
I: No problem. If at any point you want to add anything else that's completely 
fine. So you can refer back to the survey we are almost done so wonce you 
complete.- you are goign to basically rate C, D, E the three new visualisations. 
And then I will have one last qquestion to ask you and we should be done by 
then.
P9: [Rating VIZ C readability/ clarity] I find that the worst. 
I: Why?
P9: It's even harder to see the gradient when they are faded out like this. I 
don't know.




I: Awesome. so if you refer back to the last link i sent you the one with the 
four visualisations.
P9: Yep.
I: So my question is now which visualisation do you most prefer and why? 
And we are going to basically rank each visualisation so we're going to order 
them based on your preference.
P9: I still prefer the firstone I think.
I: B?
P9: Yeah.
I: Why? And thake your time.
P9: I think it is the clearest with the information it represents and it's not- Like 
some of these are missing information. And this one is chunky [refering to VIZ 
B].
i: Abnd what kind of information-
P9: Like it has the infomration of how many players are in a particular colours 
as well as the aggregate skin whatever sweatiness. And I just think this is 
clearer to read than the gradient. 
I: And you said something about the sweatiness what did you mean by that?
P9: the galvanic colour-
I: Oh yeah, okay sorry.
P9: Sweatiness. 
i: So you found it to be the clearest because it helped in presenting the 
information?
P9: Yeah.
I: So you- is it becasue of the solid colours and you said it didn't have any 
missing information?
P9: Right.
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missing?
P9: Yeah it's jsut not as- the shading is not as clear but one of these is missing 
information but I guess the lines are there [refering to VIZ D] but this is  
missing the opaque or not opaqueness from the first one. yeah i think it's jsut 
less clear to me [refering to VIZ C].
I: And which oen would you rank second best or you woudl prefer second?
P9: I this this one because it still has the chunky colours but it's missing the 
opaqueness [viewing VIZ D]
I: So D?
P9: Yeah.
I: So cause it has the solid colour and doesn't have the transaprency- sorry the 
gradient which makes it less clear from what you've said?
P9: Yeah.
I: and then what would you rank third after D?
P9: C. It has the gradient that I don't like as much but it has the opaqueness. 
And then E because it's the last one.
I: Okay. And why would you rank it the least favorite or least perferred?
P9: Becasue the gradient is less clear and it's missing the information from 
the- i guess you are calling it alpha. 
I: Yeah any word is fine. The transparency?
P9: Yeah yeah.
I: So having that transparency was helpful? Is it becasue you mentioned it 
communicates where less people travelled?
P9: [Viewing VIZ C] Right. And the degree to which there was less people. Liek 
this was one guy this was a couple of people and this was everyone. 
I: Awesome. Was there anythign else you wanted to add?
P9: No.
I: So what I will ask you to do now is go back to the survey, there is just one 
question left in it and we should be done with the study. 
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>>>BEFORE DISCUSSION BEGINS<<<
P10: [Viewing VIZ A] Aw yeah I feel like this one is clearer for the last one but I 
gave it  five in the last one. 
I: No no you can't go back
P10: Oh no I screwed up.
I: That's fine because you are going to- no worries once we go through the 
study, I'm going to ask you questions.
P10: Cool. it's more readable or no it's clearer but not as readable- yeah. I 
can't tell what happened here [refering to cluster of lines in VIZ A] it just looks 
like a cluster, yeah it's informative but again not as much as the last one. I 
guess it gets better as it goes on because there is less lines. I don't like this 
one as much as the last one in terms of aethetics. It's more accurate. I can't 
tell if it's more useful it feel it's easier to extract. 
I: Awesome. 
>>>STAGE 2 DISCUSSION BEGINS<<<
I: So what we are going to do now is discuss both of the visualisations so my 
first question is what are these visualisations trying to communicate?
P10: [viewing VIZ A] How the user went through the level, and what they had 
trouble with, what they valued and-
I: What do you mean by valued?
P10: Cause it tells that they went back for coins 
I: Oh okay
P10: Like this person wanted whatever came out of that block.
I: Mhmm.
P10: But most of the people didn't care.
I: So what the player is- so you mentioned what the players did and what i 
guess what they value in what choices
P10: Yeah what they struggled with and what they valued for sure that's what 
it trying to- me as like and then how they went through the level, taking 
there- like being cautious..
I: So imagine you were working on a platformer game like this, is there 
anythign interesting you see int he visualisations?
P10: Yeah again I need to keep moving- 
I: Yeah take your time no problem.
P10: I guess i'm suprised that a lot of people went down, this is really 
interesting. 
I: Well what is interesting about it?
P10: [viewing VIZ A] Just that more people went down because of the coins 
that were there immediately.  When just like when i play mario games where 
i would trying to get up to the stuff where you get further into the map like 
from this view it's like oh well i want those blocks but from this view what are 
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and getting-  
I: Yeah
P10:  And again there's probably a mushroom up there because people went 
back for it. 
P10: I forgot what the question was i'm sorry.
I: No no problem, so imagine you are working on a platformer game like this, 
is there anything interesting you see int he visualisations? And we are talking 
about both so if you want to refer to-
P10: Not-
I: Sorry yeah?
P10: Sorry yes go ahead.
I: Oh I was just saying we can discuss both at the same time so if you want to 
switch to the other one as well that's not a problem
P10: Yeah, so I guess i notice that not a lot of people are going for the extra 
stuff like up here or going back for like- like even the people who went here 
not all went up there like some just dropped down. 
I: So you found it interesting to see those outliers and how-
P10: Yeah it feels like this-and again how other games looks but It feels like 
people have been conditioned to just run just straight through this level or  
that that's what people do in video games
I: Like rush trhrough to get to the end?
P10:  or maybe the mushrooms aren't valuable enough or maybe there is too 
much value placed on coins so people want that although no one got these 
coins so the people who got here got the mushroom and they didn't get any 
of these coins that were just like freebies. I would have gotton that. 
I: maybe the players didn't see value or know why it's improtant-
P10: Yeah which is weird because mushrooms have a lot of value it's basically 
an extra life being able to take damage without dying. 
I: And can you use these visualisations to get a sense of what needs to be 
done? Maybe like how to fix any parts of the level?
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what the intention of this playthrough is. Do they want people to feel like 
they are pressured and like this is a gauntlet that they would be lucky to make 
it through or is it something that i'm finessing my way around everything let 
me collect all of the mushrooms and coins but again there is not much value 
placed on that. So it's gotta be the lucky to make it through one.
I: But do you feel like the visualisations are useful? do they have that enough 
data to help make decisions? If that makes sense.
P10: Yeah I think so. I think it's pretty clear. But then again to what extent but 
i dont know if they will be able to make some of the changes we were talkign 
about how do you as the designer of this level be like oh I want coins to be 
more valuable. Like that's too big a call to make. 
I: It depends I guess.
P10: Maybe you- I guess you do what you can. You can make the coins that 
aren't in the level all grouped up together so that people would see it as a big 
wall of coins and be like oh this isn't just three i need to go get those.
I: And- so i'm goign to ask you to do some tasks like point out well okay what I 
will do now is ask do you get a sense of where players may have gotton high 
levels of frustration? And we will ask for each visualisation so same question 
for each one. 
P10: [Viewing VIZ B] Yeah this- I mean this part i'm just kind of scanning 
through it it's the other visualisation cause I didn't do it as much but this part 
here [refering to section in VIZ B] there's a lot of red there which I think 
where like their galvanic response they are stressed out they are trying real 
hard I guess and that's this section that oh man where did that start so you 
are running on pipes that might have paranas, do have enemies, and then 
yeah.. then it gets clear that this section gave people a lot of frustration.
I: And what about- i'm not sure if you've found any other place, but that's 
okay. 
P10: Well anywhere that I see this crap fall line. That's pretty obvious 
indivator of like oh someone had trouble jumping here yeah look at this huge 
one it's enormous even though it's covered by the others.
I: Yeah.
I: What about the other visualisation? Where you able to get a sense of 
where players may have gotten high levels of frustration?
P10: [Viewing VIZ B] I can tell- yeah I mean absolutely like I know when they 
are going back for coins they are probably not frustrated- if they're- what was 
the other one i noticed here. Oh if they are sprinting through the area, where 
is that god dammit there was another one here. There they are. If you are jsut 
sprinting through like those small ones these guys they are not that frustrated 
but everyone starts getting frustrated on this jump the blue line gets thick 
here and then about half way through it's gets thinner and only some people 
make the jump. The rest fall cause I assume they didn't sprint at the 
beginning. And then yeah by the end they realize that they are getting to it 
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just fell off.
 I: Are you able to point some similar areas out from visualisation A i think 
that was the name
P10: [Viewing VIZ A] Oh yeah for sure. This one is harder because it's in the 
line- no- so this doesn't have the cell shading. I like that cell shading which 
basically correlates to where people would be frustrated. This one I jsut kind 
of have to- I mean no the colour of the line is their frustration level right?
I: Yeah it's their arousal
P10: Oh okay I was going to say if they were the same colour all through out 
but then I saw these ones that transfer from red to orange. Okay. Alright well 
that makes more sense. Some people just- it's I don't like this one because it's 
hard to parse which line. Cause if I wanted to watch this line here like how do 
i follow how that player felt which I feel is the strength of this one [refering to 
VIZ A] is to be able to parse how like one player feels. 
I: Like filter it based on each line?
P10: I feel this one you can tell he jumped up, realized he was going to die 
then he got frustrated, frustrated, frustrated.
I: Oh you like that you can tell how the line went.
P10: I mean- yeah I guess. It just feels like crumbs compared to the other one. 
I: And- so you didn't like that or you liked that? Sorry my bad-
P10: I don't like this one i much  prefer the cell shading on the area in like 
behind the line, it shows their path. Becasue I definitely think that their path 
and there Like I mean it's more condensed [Refering to VIZ A here]. It's in one 
item you can see more of the map, like this one is much easier to follow their 
frustration level [refering to VIZ B]. 
I: Are you able to get a sense where players may have died in each one as 
well?
P10: Yeah that's not hard, it's pretty clear when people died and that kind of 
thing but yeah i just feel the strengths that this visualisation one has aren't- 
don't outway the negatives that come from avoiding visualisation 2. 
i: Do you want to tell me about the stengths that you are describing?
P10: Oh of visualisation 2?
I: Yep.
P10: Oh well yeah being able to at a glance without really inspecting the 
player path you can see how frustrated they were essentially at various 
points. I still feel like I got the data of how many people took which paths but 
it's not as crazy hectic as like well let me zoom in on it a little bit like look at 
this . How would I parse which player is which? It doesn't matter it might as 
well be one line there. So I much prefer this [refering to VIZ B] I do feel like 
the size of icons in visualisation things interferes with being able to see the 
actual map and part of that is the threat level overlay. 
I: So you don't like it takes over the level?
P10: I don't like that it takes over the level but I can still see most of the 
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frustrated. So I think that this oen is bertter even thoguth that you can't see 
100% of the map, you get way mroe data out of this [viewing VIZ B].There 
should be like this and then a blank picture of the map above it so you can see 
exactly what it looks like without any overlay. 
I: Awesome, sorry i'm just making notes about what you are saying.
P10: No no worries. 
I: And so back to more like- we will get to- I have some other questions which 
i'll- your input is really great now but we will get back to them later. So my 
third question do you see where players may have had trouble making a 
jump?
P10: Yeah again there's the trap fall icon is obvious but in both of them- oh 
wow no one failed that jump that's suprising but yeah the line goes off down 
to the bottom, both of them have it and it's funny that people get frustrated 
as they realize they are dying.
I: And what about the other visualisation are you able to get-
P10: Yeah yeah both of them have that. that's not something that either of 
them is lacking in.
I: And do you see where players may have ignored powers up?
P10: Yeah I don't see many of those. I did notice one of them in visualisation 2 
here they avoided all of them avoided the powerup. no, 10. There's more 
than 10. But many of them avoided the powerups. And in general the people 
that like in here in visualisation 1 [refering to VIZ A] the people who didnt' 
take this top path they avoided the powerup by not going to get that 
mushroom so.
I: Awesome.
I: And do you see where players may have diverted from the majority path?
P10: yeah again that kind of is the same answer. You can see that not people 
many took this top path. And the ones that didn't, avoided powerups. 
I: And- so back to the other questions. Do you use these types of data in your 
game development or have you see somethign similar to these before.
P10: I'm not part of this portion of the process. Collecting user data is usually 
not- so no I have not. 
I: And so if- for your current game that you are currently a part off, do you 
think that including these visualizations would help or how do you think these 
visualizations would help?
P10: Honestly I don't know if they aren't using these they may be. Again I just 
don't know enough. sure it would probably help but i don't know how it 
would correlate to a 3D first person game. And again they might have 
something like this already, so I really dont' know if I can answer that 
question well enough.
I: Do you have an idea of what kind of data could be visualised? So you 
mentioned 3D first person. 
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I: Based on that game. Sorry based ont he current game project.
P10: I mean I could be like it would be cool if there was this, this or this. But I 
would be just kind of be drawing on what i'm seeing here and like oh how 
would we be able to apply that in our game
I: Yeah that is fine give me- you can mention  any input there is no right or 
wrong answer so it's up-
P10: Yeah I liked the colored overlays being able to turn than on to see when 
people had a response would be cool. 
I: Do you mean like in an interactive visualisation? Like turn it on?
P10: No, there are like frustration levels colour
I: Oh okay.
P10: being able to view that
I: I see.
P10: Being able to flip a switch and have that overlayed on a map would be 
neat. Being able to turn it on and off so you could be like viewing a playtest 
and turn it on to see. Or even have a display in a lower corner that showed 
you what it was
I: And- so which visualisation do you prefer? And why?
P10: [Viewing VIZ B] 2. 2 definitely for all the reasons I said. In the previosu 
questions.
I: B visualisation-
P10: It's more information about the users play session and more easily 
displayed. if I wanted a map of the level I would use that map of the level. 
This is a map for player data. And the other one again it got data and it's got 
the same data but I'm not getting as much out of it. It seems more of a just 
cool which path did  player picks up sort of this. 
I: Mhmm.
P10: This visualisation 2 [refering to VIZ B] includes that and more.
I: What do you feel- so you mentioned you are not getting enough out of it is 
there any sort of data you feel is missing from the visualisations?
P10: No it's all there it's jut not as easy to grab. I have to infer things about 
like yeah I don't know. 
I: No i understand what you mean.
I: Do you find that there is any redundant data that shouldnt be there?
P10: Probably I don't know especially with this one where you could see each 
player [refering to VIZ A] like m.. no i guess this one is nice- going back for 
coins might be pointless but at least it shows you when and where they value 
you them. I don't think there is any redundant data- maybe the
I: Or anything you feel might be missing or should be added.
P10: I'm sure there's plenty that could be added but nothing that I could think 
of though. 
I: So what do you think fo the aethetics of the visualisations?
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at graphs like this for servers and disk cue length. This is very nice and maybe 
it's just that shading in the cells, but it looks like a modern professional data 
visualisation and visualisation 1 looks like an older maybe not much older but 
from or more- and again it feels like it's the same data but this just feels less 
complete i dont know why [refering to VIZ A].
I: And you mentioned the previous visualisation, it look- it reminds you how it 
visualizes server data in computer-
P10: Yeah the combination of using colours and line graphs intermingled with 
these little icons when needed, it's really good. I think the text boxes might be 
a little bit much. But maybe they should be not on top of everything but i'm 
just realizing that now.
I: And what do you think of the icons? You mentioned- so you were abel to 
point out of there were 10 people who went back for- 
P10: I don't think the icons needs to grow in size the more peopel who do it. I 
think that it should also kind of have a line to kind of point to it so you don't 
have this giant coin icon in the middle of your map. Like I want it to be down 
here and points to the area that people-
I: Oh okay. 
I: Awesome was there anything else you wanted to comment on before I 
move on?
P10: No no I think that's it.
I: If any time you wanted to mention something or you forgot about it feel 
free to let me know. So what I will ask you to do now is navigate back to the 
survey and you can hit the next button and this time you will be raitign each 
of those visualisations again so you can chosoe A or B whichever order you 
prefer.
P10: Got it. 
>>>STAGE 2 DISCUSSIONS ENDS<<<
P10: Oh that's why, if that difference is individual  versus aggregate. That's 
why I like B more it's because I like aggregate data. It makes sense.
I: So why do you like aggregate data?
P10: [Rating VIZ B] I think [unintelligble] all 5 now as well I got to actually 
think about it. Clarity- it's still kind of just you have to take a look at it and 
again I don't like the icons how big they can be. Readability: it is readable. And 
I think it's move informative in the end for sure. 
I: So you liked how you can read it at a glance? do you think if the icons where 
smaller would it be harder to read at a glance?
P10: Yeah probabaly, at a glance maybe I don't care about the icons if i'm just 
looking at the colours and the line. But that might just be me and how i look 
at server data because colours and lines is basically how you look at the 
important stuff. I feel like it's not as accurate as the other one but I prefer 
that. 
P10: Alright next. [Rating VIZ A] Let''s rate A this time. Accurateness: it is more 
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nice. But now that I'm looking at them side by side they do have the same 
data. So they are both- are they both equally informative? I don't thinkt they 
are. Not as readable. And I guess it is pretty easy to extract. Alright final 
answers. 
>>>STAGE 3 DISCUSSION BEGINS<<<
I: Awesome. I will send you the last link. And this time it's- we are going to see 
3 new versions of aggregate visualisations and they are represented in slight 
differences but they are all from the same level. So B we've already seen that 
variationof B probably in a different level but they are all from the same level. 
So what I will ask you to do now. I will gvie you soem time to jsut browse 
through each one and let me know if you notice any diff- what kind of 
differences you can pick up between each. 
P10: Actually i do want to keep it at this high level. I noticed that the shading 
on D is very very heavy.
I: What do you mean by that?
P10: Ohh that's cool. So I think that D has one level of opacity for all of it's 
frustration level colouring and C has the opacity that reflects how many 
players where there. I like that. That's cool. C has some cool stuff in it going 
on. I'm going to see what E looks like. E also has somethign weird going on 
with it's coloring but I don't know what it's signifying though maybe. Oh it's 
not broken up into cells.
I: Yep.
P10: That's what is it, it's congruent, it's like fluid.
I: Yeah that's basically it.
P10: Okay yeah these are different I like..
I: So each one plays around with the transparency or the colour blending 
differently so that's like-
P10: Yeah. C is my favorite. 
I: Oh awesome.
P10: I like being abel to discretely determine which sections are getting which 
colours. So I like C and E. I don't like D. 
I: Why don't you like- well you knwo what hold on on that answer cause I will 
aks you that later. 
I: But the first question is do you prefer visualisatiosn when they have that 
different level of transparency or when it's all like the same opaqueness of 
transparency.?
P10: I think I like the variable of opacity, yeah. Because it informs which like 
oh most players took this path- this is the data we have the msot of, but it 
also doesn't maybe i care more about the data maybe I would want to flip it. 
Maybe i would care more about the data of the outliers. 
I: Oh okay
P10: I would maybe want control of that like a slider or somethign but I liek 
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I: Awesome. One second I'm just taking notes. Really great input. 
I: What about do you prefer visualisations with that shading or the blending 
of colors like you notice i blieve in E or do you like that segmented colour like 
cells. 
P10: E is good I feel like i've seen data like this. I feel like the word for it is a 
heat map kind of. It feels liek it's one thing as apposed to multiple dtaa points 
being collected. I think that there is- there would be a reason i would want a 
map liek this but it isn't the one that i want as the default.
I: Oh with the shading?
P10: Yeah, like I would probably- i don't know why i can't think of- hmm.. 
I: So you prefer when it is like individual cells?
P10: Yeah I prefer the cells. 
I: Awesome. So what I will ask you to do now is go back to the survey and you 
are going to rate these 3 new visualisations once and then I have like 2 more 
questiosn to ask and we should be done. 
P10: [Rating VIZ C] I think it's even cleaarer but maybe not as readable 
because the shading isn't as bright on the outliers. I think it is more 
informative at a glace and still as aethetic as I liek it. I think it's fairly accurate. 
I think this is the msot useful version of it so. 
I: I'm taking notes of what you are saying because I'm going to ask you why- 
why do you feel that way abotu each one. 
P10: [Rating VIZ D] Again kind of like all the reaosns I listed- like this 
differentiation between these two cells this is why I don't like this map that is 
not aethtics it doesn't look nice. Why is that cell like this player path from 
here to here is this the influction point of where he became frustrated or she. 
I don't understand why.  Maybe this is where I would want a gradient shading. 
But this one I feel is arbitrary like why did person as soon as it crossed this 
line- it seems liek it's trying it's best to approximate and it's too hot and cold 
kindof thing.
I: oh okay it doesnt make sense realitically to go from a 100 to a zero or 
somethign like that?
P10: Exactly yeah. 0 to 100 real quick.
I: [continued to rate VIZ D] Poor aethetics. Not very accurate maybe it's 
useful, sure it still has it's blue lines and it's readable. [Rating VIZ E]
P10: This one is pretty good. aethetics are real good i like this. Accurateness is 
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read. but I think it's less informative. Not quite as useful maybe. I don't know 
what I gave this and what I gave C but i should have given it 5. Ease of 
exrtraction: yeah real easy.
P10: Okay.
I: Awesome. So if you go back to the last link I gave you the visualisation 3. 
Perfect. So my question now is which visualisation do you prefer the most 
and why?
P10: C, definitelly. It's the best of all worlds. I get the gradients like this 
visualisation E, and D don't utilize opacity as a value. Maybe they do but I'm 
not getting as much out of it. So it feels like can extra level you can display 
data with.
I: Also I just wanted- Also B is included in this question so i'm not sure if 
you're excluding it but i just want to make sure that it's clear. I don't know if 
you answer changes.
 P10: No, I think B remains my second favorite after C. 
I: Okay So why do you put B in second.
P10: Well B- C is prettier to look at. I think they are equal in terms of how 
they convey data becasue they are so similar but C is prettier to look at with 
the gradiaent and opacity. It feels a bit closer to blended a little less blocky. 
I: So B is second place, why did- why you said-
P10: That was the original one i liked was B, the cells. Becasue it didn't feel as 
contrasting like here it's still goes from 0 to 100 real quick but it is opqueish 
because not many people took that pass but in D that kind of discrepency in 
the data i'm imagining is much more overt.
I: And we are also going to rank- we are basically rankign all of them based on 
your preference so you said C first then B and what will you put in third place. 
P10: E, becasue I liked the blending more than the stark contrast in D. 
I: And then D is last place. 
P10: yeah. Although I don't think it's worthless. I think it does- those areas 
where it changes immediately from orange to red thatm gith be wehre you 
consider a pain point or a pressure point but I don't like the way it looks. 
I: Do you find it confusing?
P10: No no I get it. I get how it's displaying the data and there's no shading in 
that version of it so there's like 2 values and it has to go from one to the 
other, but i don't like it.
I: no no that's why we are doign the study to see what do people prefer.
P10: It doesn;'t make sense but it's human.
I: No no makes sense. Awesome, Thank you so much for your input. Did you 
have anythign else to add before we move on?
P10: No I think that's it.
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